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on all orders over
£100 (UK mainland
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orders
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Stereo Mixer — this is a really

tile new mixer that enables the - plav i
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srformance: every lime T you have

terep inpuls for
Casleren auxilany

Other plus fea
ing for fast or slow
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llation, In short
3 works — AND —

Compi

versatile modular mixer, featured as a constructional article in Practical Electronice
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k Panel £3.00 first kit — useful
All prices are VAT exclusive tips. well
illustrated.
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versatility and performance )
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DIGESTS e ke 11
Our monthly irreverent look at the
world of electronics, featuring the
return of the caption picture!

MACHINE CODE
PROGRAMMING 27
Bob Campbell continues his look
at addressing modes with relative
and absolute addressing, before

=M pushing and popping the stack are

dealt with.
AUDIO DESIGN ............. 37
Tone controls of all different

varieties are covered this month,
from passive to parametric, and
shelf to slope.

CAPACITOR METER REVIEW ... 51
Capacitors are amongst the most

common electronic components
— but do we ever bother to test
them? We do not! Now there’s a
new meter that could change all
that.

TECH TIPS 64
Wanted: a good home (or several
good homes) for some good ideas.
Apply page 64.

Due to pressure of space, IC
Update has been held over until
next month.

PROJECTS

| 1983 Argus

A-TO-DBOARD ..........0nnn 19
Don't let your analogue voltages
go astray — convert them with our

cover-feature project into nice,
safe digital versions.

ZX-BASED ALARM ............ 31
RAM the message home to

baddies with programmed protec-
tion from this project, using either
a ZX81 or a Spectrum,

LIGHT CHASER 44
Forget those boring flashing-light
displays, here’'s an EPROM con-
tro‘ljled display that will put the
competition in the shade!

..............

MODULAR PREAMPLIFIER. ... 55
So you don't like tone controls?
You don’t have to have them! So

you want two disc inputs? Easy! So
you want to change your mind?
That's easy too!

LAMPSAVER ........... veee.. 69
Our final project is in the simple
but ingenious category — a device
to add zero-crossing switching to

any light, thus extending bulb life
saving on

and interference to

boot!
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OFFICIAL DEALER

Please phone for availability

01-452 1500 Tecunomaric Lo
BBC Micro Computer System

BBC Model B £399
(incl. VAT)

Carr £8/unit

Model A to Model B
upgrade kit £50
Fitting charge £15

Individual upgrades also
available

TELETEXT ADAPTOR £195
WORDWISE 8K ROM £39
TORCH 280 DISC PACK £825

WORD PROCESSOR "VIEW’
16K ROM £52

BUSINESS, EDUCATION AND FUN SOFTWARE IN STOCK-

01-450 6597

FLOPPY DISC INTERFACE
incl. 1.2 Operating System
£95 & £20 installation

BBC FLOPPY DISC DRIVES
Single Drive 5%a’" 100K £230+£6 carr.
Double Drive 5%4’' 800K £699+£8 carr.

BBC COMPATIBLE 54’ DISC DRIVES

These drives are supplied in BBC matching colour cases
and with necessary cables.

SINGLE DRIVES: 100K £150; 200K £215 400K £265
SINGLE DRIVES: with PSU 100K £185; 200K £260*; 400K

£330

DUAL DRIVES: with PSU 2 x 100K £355; 2 x 200K £475*;

2 X 400K £595

*These drives are provided with a switch to change
between 40 and 80 tracks.
DRIVE CABLES: SINGLE £8, DUAL £12.

DISC MANUAL & FORMATTING DISKETTE £12.50
Phone or send for our BBC leatlet

CASSETTE RECORDER

SANYO Data Recorder DR101

A superior quality data recorder with dedicated
computer output and monitoring facility on
both record and play

£39.50 + £1.50 carr.

SLIMLINE Cassette Recorder complete with
counter and remote control

£24.50 + £1.50 carr.

Computer Grade Cassettes

£0.50 each £4.50 for 10 + £1 carr

Cassette lead £3.50.

MONITORS

MICROVITEC 1431 14in Colour Monitor £230+£8 carr
MICROVITEC 2031 20ir Colour Meritor £319+£8 carr

KAGA 12in RGB Monitor £255—£8 carr
Lead for KAGA/SANYO RGB £10

SANYO HI RES GREEN MONITOR £99—£6 carr
ISANYQ HI RES RGB MONTOR £445~£8 carr.
|

BBC BOOKS no vAT; p&p £1)

Basic on BBC £5.95
30 House Basic £5.95

Programming the BBC Micro £6.50
BBC Micro An Expert Guide £6.95

Assy Lang Prog. for BBC £8.95
6502 Machine Codes for Beginners £6. 95

NEC PC 8023 BE — N
120 CPS, 80 cols
Logic Seeking, Bi-
directional

Forward and Reverse
Line Feed.
Proportional Spacing,
Auto Underline,
Hi-Res and Block
Graphics, Greek Char.

Set.
Only £320 + £8 carr

ver Aesc EX42 Daisy
Wroes wth Sers

(I’C)C)ﬂ)

of fmer‘aces ribbons in stock

SIDEWAYS ROM
EXPANSION BOARD

This beara provides 8 high o
for-expanding tt
city by a furth consume
about 40mA on standby and 168 #1 higher, in
of 8 extra ROMS will not
overload the carv\nun. U nor cause internal
overheating!. &all ROM ats are of turned pin
type gold contacts to #nsurs that numerous inser-
tions and extractions will not wear out or deform
them The board is fully buffered and also dimen-
sioned to ensure non interference with other on
board components. Fuli fitting instructions
supplied. £25 + £2 p&p.

our opinion additian

terface
£365 n‘." ""ara e nte~ace £385

PRINTERS =

EPSON RX80 and FX80
RX 80 100CPS 80 col

(Carr./printer £8)
NEW RX 80 FT £319

Tractor Feed £270

£+ FX80160CPS 80 col
%’ F & T Feed £380
' MX100 F/T3 £425

TORCH Z-80 PACK

For little more than the cost of an 800K disc drive,
you can now considerably extend your BBCs capa-
hiliries. The twin drives, together with the Z80 card
gives you 54K of memory and includes a database,

word processol etc Comes compigte wi ith
manuals, CP/N Operaling System, Demonstration
and Litility programs etc. The system 18 fully com-
patible with CP/M* thus allowing the use of profes-
sigral business software. £825 + £8 p&p.

Special offer from Torch. free software worth
£1,000, for a limited penod only and subject to
availability.

*CP/M is a trademark of Digital Research

OOfanfoId sheets 97z x 11 £13.50-£3 p&p Carriage/Printer £8
Er——reaee T
T
1.D. CONNECTORS JUMPER LEADS AMPHENOL RIBBON
{l n Cabile wi laaqders
N (SpacduiociqyRa) 14-pin 16-pin 24-pin 40-pin CONNECTORS CABLE
oof Header Recep Edge 1end 145p 165p 240p 350p . ) O P
e P;:g “}CS'G ‘:1%" 2ends  210p 230p 345p 540p 36-way plug Centronics Parallel
20 145p  128p  196p pr— ! Solder £5.25 IDC£4.95 | 10-way 40p
ZC I o 50 Jg 2400, lzo-ginn ;5_::' M-;fn eazrp'm 36-way socket Centronics Parallel D o
0 2200 190p  340p Serd] 150p 200p 280p 300p Solder £5.50 IDC £5.20 J6way  120p
50  235p  200p  330p 2ends  290p 370p 480p 525p 24-way plug [EEE So|der|£g %a:; }gg:
! ) C £4.75 = o0
D CONNECTORS e EE B in R () 24-way socket |[EEE Solder £5 m-a:\\: zao:
No_ of ways 25-way Male 500p Female 550p
9 15 25 a7 | —
Yde  Bop 108p 160 250 RS 232 JUMPERS EURG EDGE
Angled 1505 z1os zso: 355: (25-way D) CONNECTORS
FEMALE e DIN 41617 Pug S CONNECTORS
Solder 105p 160p 200p 335p | 54 purdieend ter 1wy Len - o 01" 0156
il A — VT pgway 14
IDC 25-way plug 388p. Socketdsop | 24 Male-Female §ﬁ§$::i‘n P gg 275 %iggmz m: 240p
w32 ‘ o ’ e
oo TOOLZIF .| DILHEADERS | Zgtwmaly B | oo 2 2w
38-pin £8.00 W0pn TS | Seldpives [P |~ —| 1x43-way 60p -
50 110 2x 43+ 365
-t-wa??luLu SW‘ITGHEﬂs‘mr - ;gfp’!!: 1000 1a0n ‘G_MHLEST CLIPS!E_W“ 1x77-a:¥ 500:
Soway BSp T0-way 140p Y 2000 2sp) 40-pin £6 | 5100 Conn 6500p

~ DISC DRIVES FOR THE FORTH COMPUTER

5Y4"" Teac FD55 Slim Line Mechanisms.

FD55A 40 track SSDD 250kbytes unformatted
Bare: £135; Cased: £155
2 x FD55A 40 track SSDD 500kbytes unformatted

FD55E 80 track SSDD 500kbytes unformatted
Bare: £180; Cased: £205
2 x FD55E 80 track SSDD 1 Mbyte unformatted

54" Mitsubishi M4853 Slim Line mechanism 80 track
Bare: £225; Cased: £245

DSDD 1 Mbyte unformatted
2 x M4853 2 Mbytes

Single drive cable £8; Dual Drive cable £12
Other parts for FORTH COMPUTER available send SAE

for details.

single rotary switch.

Cased x psu £350 £695 + £6 carriage.

PRODUCTION EPROM PROGRAMMER Type P8000
It will blank check, copy and.verify up to 8 Eproms at a
time. Eprom types 2716 to 27128 can be selected by a

2532

2732

2764-25
27128-25
4164-2
6116P-150NS

|
| SPECIALOFFER Yk

350p
350p
450p

£25
450p
350p

UV ERASERS

UV1B up to 6 Eproms £47.50
UV1T with Timer £60

Cased + psu £475

Cased + psu £590
£61.50

UV141 with Timer £78
(Carr £2/eraser)

'NEW COMPREHENSIVE CATALOGUE AVAILABLE
PLEASE SEND FOR PRICE LIST

terlocks.

UV140 up to 14 Eproms

All erasers are fitted with
mains switches and safety In-

‘WIRELESS
WORLD’
PROJECTS

Semiconductors inc

1.Cs,, Transistors,

Displays, Connectors and

Sockets for most projects
are stocked by us

BOOKS

INo VAT pRp £1]
CRT Controller H/Book......
Programming the 280 ..,..,...
7280 Microcomp Handbook .
Programming the 6502
6502 Assy. Lang ...
6502 Applications ...
5502 Sofiware Design
6502 Gamas... -
Large =n=|t.1.1|0n UF da abooks

ing books, books on BBC, =1 in 8

Ask forour list
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7400 E
7401 25
7402
7403
7404
7405
7406
7407
7408
7409
7410
7411
7412
7413
7414
7416
7417 P
7420 p
;ig; 74490  120p
7423
7425 74500  20p
7426 74LS01  20p
7427 74LS02  20p
7428 30p | 741503  20p
7430 25p | 741504  20p
7432 30p | 741505  20p
7433 25p | 741508  20p
7437 25p | 741509  20p
7438 60p | 741510  20p
7439 36p| 741511  20p
7440 25p | 74LS12  20p
7441 70p| 741513  28p
7442A  80p| 741514  4Sp
7444 70p| 74LS15  20p
7445 90p| 741520  20p
7446A  90p| 74LS21  20p
7447A  75p| 74(S22  20p
7448 80p | 741526  20p
7450 25p | 741827  20p
7451 25p| 741528  20p
7453 25p | 741530  20p
7454 25p| 741532  25p
7460 30p| 741533  20p
7470 30p| 741837  20p
7472 36p| 74LS38  20p
7473 30p| 74LS40  20p
7474 40p| 74LS42  45p
7475 40p | 741547  e0p
7476 35p| 741548  60p
7480 48p| 741551  20p
7481 120p| 741854  20p
7482 120p| 741555  20p
7483A 75p | 741S73A  20p
7484A 90p | 74(574A 30p
7485 20p | 741875  38p
7486 38p| 741S76A 27p
7489 170P | 74i.S83A 46p
7430A 45p | 741585  60p
491 80p | 741586  25p
7492A S0p | 741890  32p
74934 45p| 741591  60p
7494 90p | 741592  40p
7495A 48p | 741593  a3zp
7496 60p | 7415958 S0p
7497 120p | 741596  90p
74100  120p | 7415107 33p
74104 SO0p | 7415109 33p
74105 55p | 7415112 33p
74107 45p | 7415113  30p
74109 45p | 7415114 32p
74110 60p | 7415122 60p
74111 55p | 7415123  60p
74112 170p | 7418124/
74116 120p 629 150p
74118 120p | 74iS125 45p
74119 100p | 74(S126 45p
74120 100p | 7415132 42p
74121 40p | 7415133  30p
74122 45p | 7415136  30p
74123 80p | 7415138 42p
74125 50p | 74L5139 42p
74126 50p | 74LS145 ©0p
74128 70p | 745147 120p
74132 43p | 7415148 120p
74136 45p | 74LS151 50p
74141 70p | 74LS153 50p
74142 175p | 74(S154 150p
74143 200p | 74LS155 40p
74144 200p | 74LS156 40p
74145 90p | 74LS157 40p
74147 120p | 74L5158 35p
74148 120p | 74LS160A 60p |
74150  150p | 74LS161A 80p
74151A  60p | 74LS162A 75p
74153 80p | 74LS163A 90p
74154  120p | 74LS164 60p
74155 55p | 74LS165A 75p
74156 55p | 74LS166A 120p
74157 55p | 74L5168 140p
74159 180p | 7405169 110p
74160 55p | 74LS170 100p
74161 55p | 74LS173A120p
74162 S5p | 74L5174 80p
74163 S5p | 74LS175 s4p
74164 60p | 7415181 120p
74165 75p | 74LS183 120p
74166 90p | 7415190 60p
74167  200p | 7415191 60p
74170 150p | 7418192 60p
250p | 7415193  60p
65D | 74LS194A 50p
60p | 7415195A 50p
80p | 7415196 60p
55p | 74LS197 S54p
50p | 7415221 90p
90p | 7415240 120p
90p | 74LS241 120p
S5p | 74LS242 75p
140p | 7415243  75p
50p | 7415244 140p
120p | 7415245 175p
120p | 7418247 70p
80p | 7415248 70p
60p | 7415249 70p
60p | 74LS251 45p
60p | 74LS253 45p
50p | 741256 200p
50p | 74LS257A 45p
48p | 74LS258A d45p
48p | 7405259 120p
120p | 7415260 35p
120p | 7415261 80p
100p | 74LS266  2vp
74251 80p | 7415273 140p

TALE2TE
7418279
7418280
7405283
7415290
7405292
7408293
7405295
7418297
7415298
7408299
7418321
7408323
7408324/
624
7415348
7408352
74LS353
7415356
7408363
7408364 180p
74LS365A 36p
74LS366A 36p
74LS367A 36p
74LS36BA 36p
7408373 120p

74LS395A

7418399
7415445
7415465
7415466

74L5640-1

250p
74LS641 200p
74156421

p
7415643 200p
74L5643-1

250p
7415644 200p
7405645 200p

74L5645-1

50p
74LS668  70p
7415669 70p
74LS670 120p
74LS674 550p
7418682 250p
7415684 400p
7415687 450p
74500 30p
74502 30p.-
74504 30p
74505 60p
74508 60p
74510 40p
74811 50p
74520 40p
74521 50p
74822 50p
74530 40p
74532 70p
74837 60p
74551 75p
74574 75p
74585  450p
74586 90p
745112 90p
745113 90p
745114 90p
745124 300p
745132 110p
745133 60p
748138 110p
745138  120p
745140 60p
745151  180p
745153  1B0p
748157  250p
745158  195p
745163  300p
745174  250p
745175  320p
745188  150p
745194  300p
745195  300p
748196  300p
745200 450p
748201  320p
748225  650p
745240 250D
745241  300p
745244 400p
748251  250p
748257 250p
745258 250p
745260 70p
745261  300p
745262  850p
745283  300p
745287 225p
745288 150p
748299  550p
748373  400p
745374 400p
74S387  250p
745472 1150p
745474  400p
745475  825p
748571  620p
745573 900p
74C00 20p
74C04 20p

op
74C173  48p
T4C174 80p
FAC175  80p
T4C192  100p
TAC1E3 1159

g

saAlSsTa CA3T80E
C. 181

Sangsers R |CavicoE
4000 CMOS Ig:ggggs
4000 10p | CA3280G
400 10p | pypaz
4002 12p :
4006 50p ™
4007 Tap
4008 36p
4009 24p
4010 24p
4011 11p
4012 16p
4013 20p | |Ci7611  95p | NESSE
a1 48p | |CU8038 300p | NESB4
4015 4P | |cM7217 780p | NESES
4016 20p | |CM7555  80p | NES
SILE 32p | CM7556 140p | NESB?
4018 45p |1C7120 300p | NE5T0  410p
4018 25p | [C7130 325p | NEST
4020 48p | 07137 270p | NESE2 80p
4021 40p | (Fa47  150p | NEG53Z 130p
4021 45p | |Fast 48p | NEGA33  140p
4023 13p | (Fas3 95p | NEGE3AP 110p
4024 32p | [FaEee  @5p | NESE34AP 126p
402 13p | {Fas7  110p | PLLO2A  SO00p
syt Blp | ri3331 350p | AC4136  60p
4027 20p | [M{0C 325p | 95666 225p
4028 40p | |M3014  25p | SAAIS00 €16
4023 45p | 'w307  BOp | SAD1074A
2030 18p | |m308N  75p 1150p
4031 125p | (Mm310 120p | SFF9B3GE 800
4032 B0p | |M311  70p | SN7B48B 450p
4033 1258 | (M318  150p | SN7G483 480p
4n3a 140p | |33 215p | SN76495 400p
4035 45p | [M319N  180p | SPO256AL E10
4036 275p | [m32a 30p | TA7120 1B0p
4037 110p | |3 a0p | TA7130  160p
4038 10p | 'M3362 140p | TA7204 150p
4039 290p | [M33@  40p | TA7ZOS  80p
4q40 4p | (M348 BBp
4041 40p | | M35EP  60p
4042 40p | | M377  175p
043 40p | (M3BD  75p
40 409 | [M381AN 180p

105p | {382 120p

50p | (M38E  sop

45p | [M387  120p

S0p | [M38s esp

23p | m391  160p

24p | | Mm3IIN

TN

90D | e o S ;S
| VOLTAGE REGULATORS | 2
: FIXED PLASTIC |2

CAT | 8T197/%8  30p
conTROLLER [EREASSPo
CRT6545 900p | 81LS97/98
CRT5027 £18 120p
CRT5037 £18 | 8BLS120 350p
EF9365  £38 | 9502  220p
EF9366 36 | 9637AP 160p
MC6B45 6560p | ZN425E-8 350p
MCEB45SP £12 | ZN476E 6 350p
p | ZNa27E  £6
?:AFSSSS% £8 | ZN42BE-8 450p
P
ZB0ACTC 280p | TM39927 DISC
ZBOADART TMS9928
zsoADMAmgg TMS9929 €1 CONTROL
ZN1040  670p 280S10/1/2 £9 | RN
INS8060 ICs
TMS1601 €12
TMS9980 £20 | 2102-3L 120p | ADS58CJ 775p
TMS9995 €12 | 2111A  300p | ADBG1J  E20
4-way 90p £24 | 2112-A 300p | AM25510 350p
gway 120p | Z80A  300p | 2114-2L 100p | AM25LS2521
6-way E105p | Z80AS10/0/1 | 2147 450p
10-way  150p £9 | 2764-25 500p | AM26LS31
Z80A810/2/9 D T 1
R AM26L532
2808 £9 | 40273 300p 125p | WD2143
4116-15  120p | D7002 390, HARACT
Thazooz SUPPORT 4116-20  90p | DACBO szg GCENER Aﬁ;:
TOAZ003 I3 | 41163° 4500 [ DwmsTar 2760 S
TDAZ008 - DP8304 250 ]
1 2651 £12 p | RO3-2513
;Bi?ggg 3242 soop | 415413 350p Ds3eal 300p | UC 750p
TOA7 3205 4sop | 421675 S00p | DSsE30 150p | L C 700p
TLOG+ 6520  z80p | 453220 250p | DSSE31 140p | DMSEses E12
6522 310p | 2816 3oop Dgsgs ggOp MCE6760 750p |
85224 550p | 5516 750: DSagae 1533 SNESZGZAENW |
g§§$ 2;;';3“ 6116-3  420p | DS8E38  225p
6931 100: 6116LP-3 560p | DS8es0  170p | RNAUAAGIY
Jios  200p | esd2r 2200 e o | |FEm yidll ENCODER
TLAZOC ~ 70p ggig ”327'23 745189 150p | MC1489 55p | AY5-2376 950p
olous S nem Ml o 29
Ani70 170p | 9350 T30 | 930i5”  600p | mMC3sse 450 >
- P | 6sBs0  z20p (il BAUD RATE
ULN2003A 75p | gger 250p | 93425 600p | MC3470 650p
_mxg&; Z;Ep 6854 700p | 93L422  950p | MC3480 850p | elIILTAOLHS
| uuN2 MC3486 500
{LNBo2 Zo0p | 29854 290 ST | Vic3as7 300p | MC14411 700p
N rrov: MR
[Uscare” J7en | 8155 350 | 7astes tedp | EICAT, 372P
UPcheoy zoop | 8186 350p | 745287 2000 | \iciaais 750n
[PLso2h 200p | 8205 225p | 745288 140p e hhghla0n
o) i 8212 110p | 745387 225p 78110/12 160" AY-3-1015P
8216 100p | 745473 850p | 721.001E 1g0b 00p
B2 Ison | mSATA SR | 75121722 1a0p | AV 1O,
P P
8228 270p [ ARalellEN | 75150P 120 | comgo17 300p
8243 280p | 2532 350p ;g]gg ;;gp IM8402  360p
8250  850p | 2532-30 700p | 72199 220P | TRic02 300p
8251 250p | 2564 D %E5n S
8253 390p | 2708 00p | S200000 72P 2IF SKTS
8255 250p | 2716 250p | 52,370 559 TEXTO
8256 €36 | 2732 asopll 75400 2R oo (TEXTOOL)
8257 400p | 2732A-35 450p | G120 o gg pin  575p
8259 400p | 2764-25 450 | 5128 o 1200 pin  800p
8271 £36 | 2712825 22 96-— 90p '} 40pin_—_975p

W PROFILE SOCKETS BY Tl

WIRE WRAP SOCKETS BY TI

6MHz UHF
8MHz UHF

450p

32 76BKHz
100p

100KHz 325p
200KHz 325p
Freq in MHz
10

400 150p
4194 00p
443 125p
4608 250p
4915 250p
50 175p
5068 £2
60 175p
6144 150p
70 150p
7168 175p
800 175p
886 175p
10 00 175p
105 250p
107 200p
1200 150p
14 318 175p
14756  250p
1500  200p
1600  200p
%] 200p
18 00 00p
18432  150p
19968  150p
2000  200p
2400 £2
26690  150p
386667 175p
280 175p
555 400p
116 300p
14580 250p

MK3805 £TBA

MMEE174 700p

Mshiseaz2
350p

TELETEXT
DECODER
SAALD20 B0Op
SAAS0ID T00p

SAAGDLY E16
SAAS0ED B00p

00m A
100mA

4089 28015

TecuNomaric Lo

ORDERS TO: 17 BURNLEY ROAD, LONDON NW10 IED
SHOPS AT: 17 BURNLEY ROAD, LONDON NWI0
(Tel: 01-452 1500, 01-450 6597. Telex: 922800)

305 EDGWARE ROAD, LONDON W2

ETI DECEMBER 1983

| BFX89

TIP35C
TIP36A

1A 50V 19p

1A 100V 20p
1A 400V 25p
1A 600V  30p

2N2904/5 24 50V 30p

2N2906A 2A 100V 35p

2N2907A 2A 400V 45p

2N2926 3A 200V 60p

2N3053 3A 600V 72p

2N3054 4A 100V 95p

2N3055 4A 400V 100p

2N3442

2N3553 6A

2N3584 64 400V 120p

2N3643/4 75p | 10A 400V 200p

2N3702/3 40871/2  100p | 25A 400V 400p

IN3704/5

2N3T06/7 10p

ZN3708 10p |

PLEASE ADD 40p p&p & 15% VAT

(Export:no VAT, p&p at Cost)

8pin 9p 18pin 16p Z4pin 24p 8pin 18pin  50p 24pin 5P
l4pin 10p 20pin 18p 28pin 2Bp | "dpin 42p 20pin 66p ZEpin 100p
16pin 11p  22pin 22p 40pin 30p 16pin 48p 22pin  75p 40 pin 130p
BFY50  24p | 1IP35C INITT3 200p W
BFY51/2  24p | TIP41A 2NIBI9  20p
BFY56 33p | TIP41C PN3E23  30p |gyq77 12p
BFY90  Bop | TIP42A INIEGE  50p | gyxagane 20p |
BRY39  45p | TIP42C INIZ0Z  700p | ;yasr 3A 400V 60p
BSX19/20 24p | TIP54 INZA04  15p 6A 400V 70p
BUT04  225p | TIP120 2N3806  1Bp 6A 500V  88p
BU1GS  190p | TIP121 2N2037  65p 8A 400V  75p
250p IN4OSE  B5p 8A 500V  95p
2N4123/4 27p 12A 400V B85p
2N4125/6 27p 12A 500V 105p
2N4401/3 25p 16A 400V 110p
90, 16A 500V 130p
T2800D  130p
TIC 206D  60p
TIC226D 75p
TIC 246D 110p
THYRISTORS I
3A 400V 45p
BA 600V 180p
124 400V 160p
16A 100V 180p
16A 400V 180p
C106D  45p

6ar 12V DC
Coil SPDT 2A

24VvDC  160p
6or 12V DC
Coil DPDT 5A
24V DC

240V AC 200p
6or 12V DC
Coil SPDT 10A

24V DC
240V AC  225p

Orders from Government Depts. &'Cél]eges etc. welcome.

Detailed Price List on request.

Stock items are normally by retirn of post.
Prices are subject to alteration without notice




MULLARD SPEAKER KITS . 80 LounsPEAKER | BK ELECTRONICS

P fully designed 40 watt A.M S, and 30 ) i rompt Deliveri
wun’t':uRs.aMI.‘S. Bohrgnnupeaksr systems recently The very best in quality P Dmp es

developed by MULLARD'S specialist team in : and value. VAT inclusive
Belgium. Kits comprise Mullard woofer (8” or Ported tuned cabinet in hard- :

57} with foam surround and aluminium vaice coil % A . d rices
Mullard 37 high power domed tweeter. B.K.E. V.Vearlng black Vymde with proteg- . p .

built and tested crossover based on Mullard tive corners and carry handle. Buitt AudIO Eqmpment
circuit, combining low loss components, glass : and tested, employing 10in British

fibre board and recessed loudspeaker terminals i i i o Test E I.Ii ment
SUPERB SOUNDS AT LOW COST. Kits supphed £ driver and Piezo tweeter Spec: 80 quip

in polystyrene packs complete with instructions. / W?ﬂs RMS; 8 Ohms; 45Hz-20KHz; hv
8" 40W system — recommended cabinet size 240 Size: 20in x 15in x 12in; Weight:

x 216 x 445mm d 30 pounds Thandar
Price £14.90 each + £2.00 P & P. 4

5" 30W system — recommended cabinet size Price: £49.00 each and
160 x 175 x 295mm £90 per pair
Price £13.90 each + £1.50 P 8 P. Carriage: £5 each £7 per pair I Leader

Designer f:ppro_vad flat pa'ck cab_iney kits
e e HOBBY KITS. Proven designs including glass
8" system cabinet kit £8,00 each + £2.50 P & P fibre printed circuit board and high quality
57 system cabinet kit £7.00 each + £2.00 P & P components complete with instructions.

FM MICROTRANSMITTER (BUG) 90/105MHz with very sensi-

microph
STEREO CASSETTE TAPE P:'|ece :;}gggne ‘Range 100/300 metres. 57 x 46 x 14mm (9 volt)

DECK MODULE DIGITAL THERMOMETER-9.9'C to +99.9°C. LED display. Com-
Compri;i/ngI Of?,'of Dar-elgng ta%e mechabqimsw;%‘:; 0 oiete with sensor. 70 x 70 mm (9 volt) Price: £27.60p

a recor acl it 0are

one comp’i);:unit Fo?;:’;r?zomal ins:;T:tTJnvin(ouczbineia; 3 WATT FM TRANSMITTER 3 WATT 85/115MHz varicap con-

console of own choice. These units are brand new. reacay oliec orofessional performance. Range up to 3 miles 35 x84 x 12

built and tested
Features: Three digit tape counter. Autcstop. Six piare i Price: £12.49p

type keys, record, rewind, fast forward, play, stop anc SlNGLE CHANNEL RADIO CONTROLLED TRANSMITTER/

eject. Automatic record level control. Main inputs puws RECE|VER 27MHZ Range up to 500 metres. Double coded mod-
secondary inputs for sterea microphones. Input ) t A | h

Sensitivity: 100mV to 2V. Input Impedance: 58 r output operates relay with 2amp/240 volt

Ohumull |egel: 40(:mv én bﬂmﬂ)‘i" b rmany applications. Receiver 90 x 70 x 22 mm 9/

channels. OQutput Impedance: . Signal to e P

ratio: 45dB. Wow and flutter: 0.1%  Power Summiy . Price: €16.49 Transmitter 80 x 50 x 15 mm (9/12 volt) Al
requirements: 18V DC at 300mA. Connections Pnea £10.29 P&P All Kits +50p. S.AE. for complete list. :

left and right hand stereo inputs and outputs &= va 9 watt FM
individual screened leads, all terminated with oo i
{phano sockets provided), Dimensians Transmittel
x 114in, Clearance -requited under e

Supplied complets with ciroult dagram ane :rre—n-

diagram, Artrattive blsck and sllver finsh.

Price £26.70 + £2.50 postage and pacxng.

Supplementary parts for 18Y D C  ocower sucon

(tra&fformer, bridge rectifier anc smoothre cacacsor

LOUDSPEAKERS POWER RANGE

THREE QUALITY POWER LOUD-
SPEAKERS (15, 12 and 8 See Phcier
Ideal for both Hi-Fi and Disco applica-
tions. All units have attraclive cast alu-
pumum (ground finish fixing escutcneans

Specification and Prices. =1 i POWER AMPLIFIER

15 100wat'.RMS Impecance 3 ahms -
500z magnet 2 aluminiumyeice coil es NEW OMP100 Mk.li POWER AMPLIFIER
e . IS MODULE MODULE Power Amplifier Module complete

Freqg. 20 Hz, Freg Resp tc 2 5KHz Ser ! =
97dB. Price £34.00 each + £3 00 P&P L g with integral nheat sink loroidal lransformer
12 100 watt R.M.S. Impedance 8 ohms . power supply and glass fibre pcb assembly
50 0z magnet 2" aluminiumvoicecoil Res . 3 i s i Incorporates drive circuit to power a compatible
Freq 25Hz Freg Resp to 4 KHz Sens b | : = = LED Vu meter New improved specification
95dB Price: £24 50 each + €3 00 P&P 4 ! : makes this amplifier ideal for PA. instrumenial
8" 50 watt R. M.S. Impedance 8 ohms 20 ¥ i and Hi-Fi applications

oz magnet 1!, aluminium voice coil Res SPECIFICATION

Freq 40Hz Freq Resp to 6 KHz Sens thee > : Output Power:— 110 watts R.M.S.

92dB Black Cone Price: 2950 each Also 3 Loads:— Open and short circuit proof 4/16
availlabie wilh black proteclive grille Price 7 ~> b - ohms.

£9 98 each P&P L1 50 i 3 Frequency Response — 15Hz - 30KHz -3dB.
12" 85 watt R.M.S. McKENZIE C1285GP {LEAD GUITAR, KEYBOARD, DISCO) 2" T ol NI "

aluminium voice coil, aluminium centre dome, 8 ohm imp., Res. Freq. 45Hz_, Freq S, (Unwelghted) TIEED =23 363
Resp. 10 6 5KHz, Sens, 98B Price: £23.00 + £3 carriage Ne‘{V model. Sensithitton R bl SOCMVION OKS
12" 85 watt R.M.S. McKENZIE C1285TC (P.A., DISCO) 2 aluminium voice coil. Twin Improved specification £2.00 P&P. vy Meter Price:— £7 00 -+ 50p P&P
cone 8 ohm imp, Res Freq 45HZ, Freq Resp. to 14KHz Price £23 + £3 carriage L + 50p

15" 150 watt R.M.S. McKENZIE C16 (BASS GUITAR, P.A.) 3" aluminium voice coil. MOSFET versions available up to 300W. R.M.S.

Die cast chassis, 8 ohm imp,, Res, Freq. 40Hz., Freq. Resp, to 4KHz. Price: £47 + f4 2

. ; HOME PROTECTION SYSTEM

Better to be ‘Alarmed’ then terrified

PIEZO ELE_CTF“C TWE_ETERS MOTOROLA . Thandar's famous ‘Minder’ Burglar Alarm System.
Jon the Piezo revolution The fow dynamic mass (no voice coil} of a Superior microwave principle. Supplied as three units,
Piezo tweeter produces an improved transient response with a lower EO&DRI?EJTEVEQ interconnection cable. FULLY
distortion level than ordinary dynamic tweeters As a crossover is not Control Unit — Houses microwave radar T
required these umits can be added to existing speaker systems of up up to 15 metres adjustable by sensitivity conirol,
to 100 watts (more if 2 put in series). FREE EXPLANATORY LEAFLETS Three position, key operated facia switch — off — test !
0
SUPPLIED WITH EACH TWEETER — armad 30 second exil and entry delay. )

TYPE ‘A" (KSN2036A) 3 round with proteciive Indoor alarm — Electronic swept freq siren

3 104dB output.
wire mesn idea! for booksheit and medwm . -~ .
v t _
sized Hifi speakers. Price £4.29 each. Outdoor Alarm — Electronic swept freq. siren 98d8

output. Housed in a tamper-proot heavy duty metal
TYPE ‘B {KSN1005A) 3': super horn For case : .
gereral purpose sopeakers misco and P A Both the control unit and outdoor alarm contain re-
= : N chargeable battertes which provide full protection
svsiems eic Price £4.99 each. during mainsfallure. Power regquirement 2007280 Vol
TYPE 'C'{KSNB016A} 2 + 5 wide dispersion Gl AC 50VBIMz, Expandable with door sensars. panic

nern For guaity b osystems and quality buttons etc. Complete with instructions
aiscoselc Price £5.99 each. SAVE £128 Usualpnce £22885 |
TYPE ‘D' {KSN1025A12 . 6 wide dispersion BKE’s PRICE 4 =
norn  Upper freguency resporse relained S £99'p&pE

Dige
¢ ! s S AE for calour brochure M'XERS e
extending gowr (¢ ~id range (ZKHz! Suitable

for high quabiv H: fi svstemis and quality § OMP PRO MIX moNo

discos Price £7.99 each. EMIT. PROMC:X MIONO DISCO MIXER
‘B’ (KSN1038A} 3% ' horn tweeter with il - (As Mlustrated), 4 Inputs: —2 Mag. Disc.
' ;YEEUEE (5-wer tirish trim Swirable for Hi-fi lEe 7 1A;>; ng‘sr\;hc wnhotverrlwdée Agnvielbass‘
& T . ; - and treble tone cont's Individual leve
mornitor systems etc - Price £4.99 each. ¥ T : | = ~ controls plus master volume. Monitor
TYPE 'F (KSN1057A) Casea version of type |§8 ] . g | output (headphone) tor alf inputs
‘E’ Free standing sateilite tweeter Perfec! § =1 | = b o g | e ! gulpﬂtg7755mv SLZJEJDW 240Vac.
add on tweeler for conventicnal .cudspeaker = ~ 2 1ze X Sha” x
systems Price £10 75 each Price: £48 99 +£2 00 P&P

P&P 20p en. lor SAE for Piezo leaflats). : Stereo Version

. as above price £69 92 +£2 p&p
i B.K. ELECTRONICS E ey
UNIT 5, COMET WAY, SOUTHEND-ON-SEA, ESSEX, SS2 6TR 2

* SAE for current lists, & Official orders welcome. % All prices include VAT. « Sales Counter. %
* Allitems packed where applicable in special energy absorbing PU foam. x Please phone 0702 527572 %
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- . MAIL ORDERS:
v ap’ Unit 1, Hill Farm Industrial Est

Boxted, Colchester, Essex CO4 5RD. ACCESS AND

h—] ~ TELEPHONE ORDERS: BARCLAYCARD
w ec ron’cs i Colchester (0206) 36412. WELCOME

LM339 40 LM3911 120 NES66 140 TLO64 96 a
LINEAR LM348 60 Lwsota 225 BNESS? 100 TLOTI £ | CABLES HARDWES: CARBEFTRRS
LM358 B0 LM3915 225 570 370 TLo72 45 ] PP3 ba i ;
20 metre pack single care connect- ttery clips . 8 | Polyester, radial leads. 250v. C280

EERCHIOSINED tcL7106 680 LM37z 170 LM1dsoo 105 NESTI 270 Tio74 95 ll i Table ton ditresent colours, 75p | Red or black crocodile clips . & | type: 0,01, 0015, 0022, 0.033 -
209 25 331 KEiE Mc1496 68 DACAISE  ES BTLoB1 25 W ghoavercable . " 10p/m || Black pointer cantrol knob . 15 | 6p; 0.047, 0.068, 0.1 - 7p; 0.15
»741 o ICL7621 180 »LM3B1 120 mc3340 135 PAC45S8 40 TLO082 45 STaraarale senac 16p/m Pr Ultrasonic transducers 390 § 0,32 -9p;033,047 - 13p; 0.68 -
748 35 :gtgggg 1282 LM3s2 120 »MF10CN 350  SL480 70N (082 20 Twin screened . . . 24p/m »8V Electronic buzzer . 60 §20p;1u _'23p { "1
9400C) 350 |CLegiA 00 Lpded 130 MLz 400 FMoie oo vavo 1ol 25A3corsmains . . Z3p/m | P12V Electronic buzzer 65 | Electrolyic, radial or axial leads:
AV-3-1270 720 jovmaes J9e LM3ss 90 ML92d 195 SLIB0I8 150 UA22e0s 123 M 10 way reinbow ribbon  28p/fe | BPB2720 Piozo transducer. 75 §0.47/63V, 1/83V, 2.2/63V, 4 7/63V,
AY38010 370 |GMI/oes (80 Lhs87 120 ML92s 20, MO % 70 W 20 way rainbow ribbon ~ 47p/ft | P64mm B4 ohm speaker . 70 §10/25V - 7p; 22/26V, 47/25V - Bp;
AY-3.8912 BA0  wlrae: 45 LMa9s 2 R RO o 2008 10 way gery ribbon . ., 14P/ft | P64mm Bohmspesker . 70 §100/25V - 9p; 220/25V - 1dp;
CAJ046 60 LFass 85 LhI09 2B MLOZI 10 Thanae® 70 3R2206 230 W 20 way groy ribbon . . 28p/fe || 20mm panel fussholder . 25 §470/25V - 22p; 1000/25V - 30p;
Chaom. 1% Lwie o3 L % Miel 0 Taas s 2N 100 N e Thosna bover suppl slectrolyis

LM733 76 MMB387A BAB20 70 24 135 EGULATORS POTENTIOMETERS . B
CA3090AQ375 LM301A 25 | m7ay 18 Neszo | 228 Toaoso 220 zNa2se  a3so B MM 2200140V 1105 4700/40Y - 1600
CA3130E 85  LM311 50 (w747 60 NE531 140 TDA1008 320 ZN426E 300 30 79L05 45 | Rotary, Carbon track Log or Lin - 140p; 4700/63V - 230n

29012 45 1K - 2M2. Single 32p, Stereo 85p. Polyester, miniature Siemens PCB:

PCA3140E 36 LM318 120 (M1458 40 NE544 205 PTDA1022490 2ZN427E 600
79L15 45 | single switched 80p. Slide 6omm | 11 212.3n3,4n7,6n8, 10n, 15n, 7p;

CA3161E 100 LM324 30 | m2917 200 BNEG55 16 TDA1024 125 ZN42BE 410

CA3189 290 LM334Z 100 | mM3900 45 PNESS6 46  TLO6? 40 2ZN459 285 7905 40 || travel single Log or Lin 5K - 500K [| 22n. 33n,47n, 68n, Bp; 100n, 9p;
PCA3240E 100 LM336Z 125 | Magog 75 NE565 110 TLO62 60 2ZN1034E 200 7912 40 [ 63p each. 150n, 11p; 220n, 13p;330n, 20p;
7915 40 | Preset submin. hor. 100 ohms -1M gOn 26p; 680N, 29p; 1u 33p; 2u2,
BC517 40 BF337 40 MPSU56 60 ZzTx108 10 2N3065 50 LM723 35 | 7peach. ) ™
TRANSISTORS BCB47 7 BFR40 23 TIP2BA 30 ZTX109 12 2N3442 120 78HO5 Carmet precision multiturn, 0.75W || Tantalum bead:
BCB4B 10 BFR80 23 TIP20B 55 ZTX300 14 P2N3702 %' 100 ohms to 100K - 88p each, f0.1,0.22,0.33,047,1.0 @35V -

12p. 2.2,4,7,10 @ 25V - 20p;
400V 8A 66 || 15/16V - 30p; 22/18V - 27p; 33/
400V 16A 95 | 16V -4Bp; 47/6V - 27p; 47/16V -

ACY28 30 BC148 B BCBAS 10 PBFREY 20 TIP2EC 37 ZTXA01 16
ACiz7 30 BC157 8 BCSSB 10 BEX29 25 TIP30A 35 ZTX302 15

AC1Z8 30 BC1BA 10 BCY7D 18 GFXB4 25 TiP308 B0 ZTX3I04 17 TRIACS

pAGI2E 20 BC158 8 BCYT) 18 BEXBS 28 TIP3OC 37 ZTX341 30 »1N4001 3 40QV 4A 50 BR100 25 || 70p; 68/6V - 40p; 100/10V - 80p.
AC176 125 BLC16D 45 BCY72 18 BEXB5 28 TIPI1A 35 ZTXE00 15 1N4002 5 Car. disg, 22p-0.01u 5OV, 3p =ech
ACIB7 22 BCISBC 100 BD116 85 BFXB? 28 TIPIIC 31 ZTXEO] 15 BY127 12 1N4008 3 Mullard miniature ceramic plate:
ACt1E8 22 BCieAC 10 BDIN 35 BFEXBE 25 TIPaza 36 ZTXBOZ 15 13 1N4007 7 JUMPER LEA 1.8pF to 100pF 6p each

ADT4Z 120 BEITO B 80132 35 BFYS0 23 TIPA2C 37 ZTXED3 18
AD149 80 BCIT 10 BD133 B0 BFYS1 20 TIP33A 50 2ZTXED4 25
AD1B1 40 BCIT2 g BD135 40 BFYS2 33 TIP3AC 75 2nNea7 20
AD162 40 BCi7? 18 BD13B 30 BFYS3 32 TIPIMA 60 2NGIB. 40
AFi24 60 BC178 18 BD137 30 BFYSs 32 TIFMC BE 2NTOGEA 20
AF126 50 8ci7@ 18 BD13E 30 BFYSs 32 TIPISA 106 2N708 20

® ; .

7 N840l 12 | Langtn 14pin 16in 24pin 40pin folymyin SRSl 1onde00n O

3 m5406 :? %@ ended&gp(h:z%er ";:%) iug\ggr Trimmers. Mullord BOB saries: 2.10
ins. R .

4 do0mWzen & | GbicScud Oipinander g umper pF.22p; 2-220F, 30p; 5.5650F, 350

»1N4148 13Wzeners 13 Ngins, 185 205 300 465

AF138 a0 BCIB2 10 eBDY39 35 BRY38 40 TIF3EC 126 aNeiB 35 121ins 195 216 316 490 40
AF1BE 70 WBECTEZL 8 PBDI40 35 BSX20 20 TIP36A 126 2N1iE2 22 orTO 24ins. 210 235 345 540 45
AFZ30 75 BOIB3 0 BDIC4 110 BSX20 35 TIP3EC 135 2mN1613 36ins 230 250 375 585 80

25 way D Connector jumpers
18ins. (ong single ended male 495p. | 1A 50V 20 VM18DIL 0.9A
18ins. long single ended f/male 525p.§ 1A 400V 35 200V .

30
BC1O7 10 BE1S3L 10 BO206 110 BSY95A 25 TIPA1A 45 2IN2I1BA 45
8ci078 12 BC1S4 10 80222 85 BU206 160 TIP42A 45 2N2218A 25
BBCIO8 10 BCIBAL 7 BFIB0 35 Bu206 18p TIP1200 90 3N2221A 26

»3mm red 7 PSmmred 7
»3mm green 10 »5mm green 10
»3mm yellowi0 P 5mm yellow10

BOI08A 12 BLC212 16 BF1BR 35 BU208 170 I:;:;; gg 2::2;22;\ 20 Clips 16 sult - 3p aach,
. 3 0 4 68 4
acsgagcé 20 gg;‘:gL }e g;:gs §§ m‘gig gg Jae 3&2359 ?g Ee:;angular ¥ nt:_alg :g COMPUTER CONNECTORS Ml | iDC CONNECTORS
BCloRC 12 BCZ13L 10 BF194 12 MJES20 68 TIP142 98 2N2484 25 gr;an 17 BTILI1Y 60 [ 2%B1 2 x 23 way edge connector
BC114 18 BC214 10  BF198 12 MJEE21 95 TIPI4A7 110 2N2648 45 e 17 ORP12 85 wire wrap suitable for ZX81 PCB Socket  Ed
8C115 22 BBC214L B BF1@B 12 MJE30ss 70 TIP2955 60 2n2g04 20 2NBase  30fl YO%s 40 TiLi00 70 [ add-ons 150 S e
BC117 18 BC237 8 BF197 12 MPF102 40 TIP3055 55 2N2904A 20 2N5485 36 W o\ o077 45 Dual colour 60 || SPECTRUM 2 x 28 way edge St,f-ght '
BC119 35 BC238 14 BF198 10 MPF104 40 TiS43 40 2N2905 22 2N6777 ASW o o' ooone disolays: connector wire-wrap suitable for 10 90' 5 120
BC137 40 BC308 12 DBF199 18 MPSADS 22 TIS4 45 2N2005A 22 2N6027 30 J§ POer SOTENt CWEVE SPECTRUM add-ons 200 |igwey 130 10 175
BC139 40 BC327 14 BF200 30 MPSAOE 25 TISS0 30 2N2906 25 40360 AOB p) 704037 95 DL70703” 95 | [N Xwey 145 125 188
BC140 28 BC328 14 PBF244B 22 MPSA12 30 TIS91 30 2N2906A 25 40361 SO =\ncon ERS ek RIBBON CABLE s g s 240
BC149 30 BC337 14 BF245 30 MPSAS5 30 VN1OKM 50 92N2907 25 40362 50 05" 100 05" 100 | Grey Ribbon cable. Price per foot 34 mv 205 170 320
BC142 26 BC338 14 BF256B 45 MPSA56 30 VNABAF 75 2N2907A 25 40408 TOM D00 0038 Tils1203-115 | tOway . 14 34way . 58 laowar 320 190 340
BC143 25 BC477 30 BF257 32 MPSUOS 55 VNGBAF B5 2N2926 9 TIL322057115 TIL321057115 | 16 way 25 40 way 68 lg5g Y 235 200 395
BE14e % BCAe 30 Bram 35 MesUse 6o ZTXI0) 10 Zuaoes b T B e vy s 28 awvays 2 o 23 22 &
BC1 B MPSUB5 60 N3054 5! ’ 24 way 38 60way 100
| —
MIN; D CONNECTORS COLDE NI OME RESISTORS PCBMATERIALS m P
d inil
S way 15 way 26 way :1:-: way WW 5% Carton film Ej2 saries 4 7 | Alfac wransfer sheew — please state 3x2x1” &6
plios solderiilas E0pIEEo0 I etR Il ST Antex CS 17W Soldering iron 495 W obr - 10M 15 zach ype leg. DIL pads etc ) 45 | Piastic with lid  4x2%x1%" 95
Slgk (an‘ge 90p 1300 gg 2509“ 2.3 and 4 7mm bis 1o suit a5 %W 5% Carpon film E12 series4 7 | Dalo etch resistant pen 90 | &screws 4x2%x2" 95
Rightsngle. 1800 210p 2agp CS 17Wor XS 25W slemenc. 210 | ohm 10 4M7 each Fibre glass board 3,75x8” 80 | 3x2x 1" 65 6x4x2" 120
Cogler ¢ 1oop gop 160 Antex XS 25W 525 %W 1% metal fiim E24 series 10 Fibre glass board 8 x 12" 200 | 4% x3x1%" 88 7Tx5x2%" 165
: £a— =LP: . 3.3 and 4 7rom bivs 1 55 gs f onm-m 6p eaxch Ferric Chloride crystals 100 | 7x4x2" 160 8xBx3" 205
Soicer o 420
an Spare nczzie for above ¢ 20 4034 4054 78 4081 17 40183 65 4528 45
CONNECTORS 30 1 10 mewrss 225G soicer 100 do 435 3 4055 @ om 1z 47 G0 4529 130
DIN  Plug Skt Jack  Plug Sk 124 s 45 3 4035 30 408 48 4503 32 4532 60
A B s B B T Cs ob BS 25 4040 A0 4060 42 4pEs KO 4507 35 4534 400
P p 9p p 10p
3pin 12p 10p 38mm 9 9p 42 4041 40 4063 B0  40R9 126 4508 110 4538 60
5pin 13p 1ip Standardi6p 20p VERO 40 4042 38 4068 23 4093 18 4510 45 4643 50
Phono 10p 12p Stereo 24p 25p 45 4043 a0 4067 225 A0ga 68 4511 40 4548 360
LSS LIRS i VOICE SYNTHESISER! VEROBLOC 4 390 16 4044 40 4068 14 4095 65 4512 40 4553 215
UHF (CB) Connectors: Size 0,1 matrix: 33 4048 40 4068 13 4097 290 4514 115 4655 35
.PL25Q Plug 40p. Reducer 14p. 265x1 22 12 4047 35 4070 13 4088 70 451§ 115 4656 36
50239 square chassis skt 38p B o | gy ¥ . % 75 4048 38 4071 13 4099 70 451§ 55 4559 390
§02398 round chassis skt 40p. BB (e G 25x5 85 20 do4h) . AR 13 AON08 AD 4818 40 45607 140
1EG 3 pin 250V/6A is :“‘Zt_z;ougess:'or;'I:f:sram © 8 375x5 95 40 4050 21 4073 13 40108 110 450 2 50 4584 35
Plug chassis mounting . agp | Synthesize ;&:mncaﬁ) svr:t:mﬂegim VQ board 180 45 40681 42  ADTE 13 40163 B0 4521 90 4585 60
Socket free hanging 60p ot Veropins per 100 14 4052 48 4076 45 40173 100 4528 60 4724 140
« ith 2 y unlimited vocabulary Single sided 50 125 4053 48 4077 14 401758 75 4527 50
SR i A [ 200§ Ewsily Intorfaced with any digital | 09le sided 0 = - -
: system, ten TTL compatiblesig- | o202 GO0 - =+ a0 16 LS?5 26 LS123 48 LS160 38 LS197 45 5353 60
SWITCHES Sﬂt:: used to select the allo- T e e S " 162 15 tg;g gg LS125 30 LS161 38 LS221 25 LS365 28
b h 0
Submin taogie; $P0266 . @50p, Dea:SOp, | ringpen o oo L 339 SE A - s
f;sjrlssn.tsn‘w 60p. DPDT 65p, ' 15 tggg ;3 tg1gg 28 tg:gg 40 LS242 gs Ls3e8 29
iniature toggle: 15 1 60 50 LS243 58 L5373 58
SPDT 80p. SPDT centre off 90p, 6116P3 320 6852 240 9228 220 15 LS90 25  LS139 30 LS166 70 LS244 100 LS374 60
DPDT 90p. DPDT centre off 100p, m 6502CPU 325 6875 495 8251 250 16 LS92 25 LS145 60 LS170 80 L$245 78 LS3I75 43
Standard toggle: 6522VIA 295 6880 100 8253 390 16 Lse3 26 Ls147 95 LS173 60 LS247 50 LS377T 60
SPST 36p. DPDT48p 6532 570 B1LS95 85 B255 225 16 LS95 40  Ls148 90 LS174 36 L5251 36 Ls37@ 57
Miniature DPDT slide 14p 6551 ACIA650 B1LS96 B5 8259 390 30 LS9 g5 LSI51 40 LS175 36 LS257 32 LSI% 45
Push to make 14p. 2114L2 99 6BOOCPU 220 BILS97 85 MC1488 55 3 LS107 40 LS153 40 LS190 40 Ls258 35 LS393 40
Push to break 22p 2716 240 6B02CPU 250 A 250 MC1489 55 ag LS109 3p LS154 95 LS191 40 Ls259 0 LS399 56
Rotary type adjustable stop 2532 290 6BO9CPU 620 BOSSAC 340  ZBOACPU 290 15 LS112 27 LS135 a0 LS192 40 L5266 24 L8541 78
1P12W, 2P6W, 3PAW all 55p sach, | 2732 200 6B10RAM 115 B156 350 ZSOAPIO 260 15 LS113 928 LS156 36 LS193 40 LS273 55 LS670 35
DIL switches: 2764 425 6821PIA 110 6212 110 280ACTC 260 20 LS114 28 L5157 26 LS195 36 LS279 32
4SPST 80p 6 SPST 80p. 8SPST 4116P20 85 6840 360 8216 100 2ZBOASIO 900 3B L5158 30 LS196 45 1S283 40
00p. 5101L-1 220 6850 110 8224 120 ZBOADMA 1150
70 7483 38 74122 38 74161 46 74190 43
" : 55 7485 80 74123 40 74162 40 74191 48
- e PONENT KIT 22 ;igg & 74125 33 74163 40 74192 48
o Jire- 741
SENRETS pru":iln g An ideal opportunity for the baginner or the experienced constructor 16 7490 22 ;z:gg gg 7412‘; 22 ;:}gi 2?)
B i 2 10 obtain a wide range of components at greatly raduced prices. %W 5% 16 7491 35 74141 55 74167 150 74195 4Q
14 pin 15 Rfesistor kit. CO)'\!Eins 10 of each value from 4.7 ohms to 1M (total 16 7492 25 74145 45 74170 125 74196 45
16 pin r of 650 resistors .o L S T R 1€ 7 26
18 :'.'n Ceramic Cap. kit. 5 of each valus - 22p t0 0.01u (135caps) . . 370 16 72834 35 Z:}:g 673 ;2} ;i ?3 ;:13; gg
20 pin ] ] Polysster Cap. kit. 5 of each value from 0.01 to 1uF (85caps) . 575 24 7495 35 74150 &5 74175 50 74199 80
22 pin 5 Preset kit. Contains § of each yalug fram 100 ohms to 1M {total 27 7456 35 74153 3§ 74176 40
24 pi v ! 65presets . . . . . . . ., . A . 425
28 pil: E : Nut end Bolt kit {total 300 itemns): 1B0p ;33 ;‘2?(7)0 33 ;:1 2’_3, §2 ;::;Z, ‘;g
41 pin ! 25 6BA %" bolts 50 6BA washers 50 6BA nuts 27 74107 26 74156 36 74180 40
i 25 6BA %" boltsy 265 4BA %" bolts 60 6BA washers 48 74108 20 74157 30 74181 105
50 6BA nuts 25 6BA %' bolts,

ran \ ORDERING INFO. All components brand new and full specification. All prices exclude VAT.
y g Please add to total order, Please add 50p carriage to all orders under £18 ir value. Send cheque/

P.O. or Access/Visa number with order. Qur detailed catalogue is given free with all orders over

* Same day desparch +r COmpen“ve prjcés £15. Callers most weltom#,. Telephone orders welcome with Access or Visa, Official orders

_ accepted from colleges, sch_noks, etc. . . Callers most welcome, we are open Monday to Friday.

* Top quality components = * In-depth stocks




SPECIALIST ELECTRONIC COMPONENT DISTRIBUTORS

325 EDGWARE ROAD, LONDON W2 1BN Tel: 01-723-4242 Tix: 295441

CRIMSON ELEKTRIK JOIN THE PROFESSIONALS

No Modules Price No

2580 CE 608 40W Mono 18.26 2615 Complete Pre-Amp Kit CK1010 £80.00
2581  CE1004 100W4 Mono 2130 WE ALSO STOCK

ALL THE POWER 2616 CoMmplete 40W Stereo Amp Kit CK1040  £105.00
2582 CE1008 100W8 Mono 23.90 SUPPLIES TO DRIVE 2616a Complete 80W Stereo Amp Kit CK1080 £116.00
2583 CE1704 170W 4 Mono 30.43 THESE MODULES 2617 Complete 100W Stereo Amp Kit CK1100  £131.00
2584 CE1708 170W8 Mono 30.43 2618 Add on Moving Coil Kit MC12K £21.74
2585 CE3004 300W4 Mono 4260 PS. THESE KITS AND 2819 Pre-Amp Power Supply Kit PSK £17.39
MODULES ARE TS70 70° Thermal Switch £2.02
2585a FE 908 9QOWFET Mono 2565 EXCLUSIVE OF VAT HS50 50mm Heatsink £2.44
2585b FE1704 170W FET Mono 3348 HS100 100mm Heatsink £3.87
2585¢ BD1 Bridge Unit for Modules 7.13 14.95 150mm Heatsink €561
2608 CPR 1X Pre-Amp Module 41.70

PLEASE NOTE ALL CRIMSON MODULES ARE GUARANTEED FOR 2 YEARS.

VELLEMAN KlTS Some are easy some are hard

No Description

K610 Mono UU usin g..Ep i No
K1798  Stereo UU using LED WESTOCKAWIDE

K2543 Transistor Ignition
; = RANGE OF BOXES e ;
K1874  Running Light K2 TO HOUSE THESE K2555 Digital Freq Counter for Receivers

K2571  Light Computer w < KITS IN. FROM K2566 3 Channel Coloured Light Organ

K2569 Three Tone Chrr"e VERY SN]ALL TO K2572  Universal Ste‘relo Pre-Amplifier '

K2575  Microprocessor D T VERY LARGE K2574  Universal 4 Digit U/D counter with memory

K2544 Complex Sound Ge”e'"*' 197 MAXIMUM K2577  Electric Motor Speed Control

K2032 Digital Panel Meter K2579  Universal Start/Stop Timer

K2557  Digital Thermometer PS. ALL KITS K2583  Heating Controller ] : !

K2545 50Hz Crystat Time Base INCLUDE VAT K1682 Microprocessor Universal Timer (no case)

K615 High Precision Stopwatch K2580 Electronic Power Switch Dimmer
CALL IN AT OUR SHOP AND SE2 055 K2551  Central Alarm Unit

| TELETEXT KIT

This unit will make your TV fully remote centrel L imsm2rad 2nc oG vou closer to the amazing world of teletext. The kit can also be updated to incorporate full Prestel, and with a keyboard
this can give you full message facilities for orcering “aacs or sendng and receiving messages (E.G)) Booking your Holidays!
With a microcomputer as an alternative keyocars 2 worc 'S even greater adding bulk updating to viewdata computers an receiving telesoftware for implementation to any
personal computer,
Even without the Prestel option, Telesoftware from e Teersx: oages free!
Tre tuli featores o Teletext including subtitles are all included in the basic kit.
4- gmmecive stylish case is available to complement the finished kit,

Basic Teletext Kit (no box) €130 + VAT P/P £2.50
with box £144.95 + VAT P/P £3.00
box by itself £14.95 + VAT P/P 75p

Price

TH E Soldering Irons Iso-tip Cordless Iron 31-90+
PREMIER X825 25W 5.46+ Miniature low voltage

SHOW cx 17W 530+ soldering station 13.95+
— Cii@in= 15W 5.20+ Oryx50 50W temp controlled 15,50
FOR THE TRUE CCN "ceramic” 15W 500+ Oryx super 30 590+
ELECTRON/CS E;‘v T "“USF%ST Wide range of bits and elements in All irons are 240V mains, Earth

stock now. Leakage current is less than 3 ua.
Soidering iron stand 2 40 The temperature controlled iron can
We stock muiticore soider for norma be controlied within + 2% tempera-
ture range from 200°C to 400°C.

COMPONENTS | |EDGE CONNECTORS BOOKS

Device Price ZX81 EC.
ZBOA 3.20 Spectrum EC y
Z280A PIO 3.20 VIC 20EC. i : ocxs are VAT exempt but add £1,00 to cover P/P
Z80ACTC 3.20 50 Way EC -
6800 6.50 18 Way EC S : Scunvalent book (2 Volumes) 950
6810 3.00 64 Way E.C.Plug Data Book 10.00
6821 425 64 Way E C. Socket Zlext 4.00
6502CPU 7.50 31 Way E. C. Plug L j 450
2114(200ns) 1.80 31 Way E C. Socket b r“ace Circuits Data Book 7.00
2708 3.00 ! Tne 77w Data Book 8,50
2716 3.20 We stock a very wide range of LDS Memory Data Book 3.95
2732 7.50 opto-devices, from Infra-Red to Tne Linear Control Circuits Data Book 4.00
2532 3.50 LED's to Opto-Couplers. Tne woitage Regulator Data Book 4.50
2764 (200ns) 11.00 Check us out for competitive Tne Fower-semiconductor Data Book 9.00
ADCO0816 (8 bit) 14.90 prices and helpful service 771 Data Book Volume | 9.00
Da:a Book Volume fl 8.00
We also stock 74 series 74LS C mos, transistors, capacitors, resis- 3 500
tors, LED's, zeners, diodes. jack plugs, mains plugs XLR plugs, can- @ Jouess ”aﬂSlSiOf Equivalent 950
non plugs, arrow switches BNC connectors, reducers, photolak, wers Digital Selector 995
developer, PC board, sensitive & normal, boxes, wire cutters, strip- wers Linear 10 Selector 7.50
pers, Edge connectors, pots, batteries, digital pulsers, logic probes, aners Equivalent book 750
proto-boards, vero board. - —= -
Thisisjust asmall sample of what we stock, if you like to see more Why not try our mail order service, it’s fast and efficient. We
send £1.00 to us for our NEW 1983 CATALOGUE. take Barclay, Access, Am Exp, Diners or Cheque.
Chaques made payable to Bradley Marshall Ltd.

PLEASE REMEMBER TO ADD VAT AT 15% + 70p P&P
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AN ARGUS SPECIALIST PUBLICATION

INTERNATIONALL

AUDIO DESIGN

This month, audio design reaches the seat of the
mystique surrounding the whole topic of audio
amplifiers — the design of the power section. In true
ETI fashion, we intend to boldly separate fact from
fiction, truth from fantasy, and infinitives from their
verbs!

VECTORGRAPHICS

There is an alternative to using a raster-scanned dis-
play — that of using vectors drawn across the screen
directly. Phil Walker has produced a system for
experimenters to play with, using a ZX81.

[

§

s

i

b e

EPROM PROGRAMMING

We were so overwhelmed with requests for
photocopies of the assembler listing for the EPROM
programmer published in our August issue that we
asked Mike Bedford to produce some notes on how
to interconvert the program for other home com-
puters. We'll be published this, along with the listing
for the benefit of the very few of our readers who
have not already requested it from us!

CHORUS/FLANGER

This project is designed by Tim Orr — who has
absented himself from our pages for a while, but has
recently learned better. It's for a chorus/flanger unit
that can be used with guitar, bass guitar, high-output
microphone, keyboards, or, in fact, almost anything
that you can attach to a jack-plug.

LOOK OUT FOR THE JANUARY ISSUE
ON SALE DECEMBER 2nd

Artickes described here are in an advanced state of preparation. However, circumstances may dictate changes to the final contents.

ETI DECEMBER 1983
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Standard’
features -

High speed 24K byte extended basic interpreter
Powerful TMS9995 16 bit microcprocessor

48 bit floating point gives 11 digit accuracy
High resolution {256 x 192) colour graphics
Screen memory does not use up user memory
space

16 colours available on the screen together in
graphic mode

Fast line drawing and point plotting basic
commands

High speed colour shape manipulation from
basic

Full textual error messages
String and Array size limited only by memory size
Real time clock included in basic

Interval timing with 10mS resolution via TIC
function

Named load and save of basic or machine code
programs

Auto-run available for any program |
Powerful machine code monitor

Assembler and Disassembler included as
standard

Auto line numbering facility
Full renumber command
Simple but powerful line editor |

Buffered i/o allows you to continue executing
the program while still printing

Flexible CALL statement allows linkage to
machine code routines with up to 12 parameters

Basic programs may contain spaces between
key words to make programs readable without
using more memory

Over 34K bytes available for basic programs
Extended basic includes iIF-THEN-ELSE

Supports up to 16 output devices:
Screen and cassette interfaces included as
standard

Supports bit manipulation of variables from
basic

Error trapping to a basic routine included
Basic supports Hexadecimal numbers

BUILD YO

Separate 16K video RAM for graphics

Y,

3(009 ]

OWN
wrte"

\ 3 16 bit,64K RAM
colour computer

With this powerful machine (featured in Electronics Today
International as a constructional project) you have access to
highly advanced systems and software developed specially by
MPE Ltd for the CORTEX. For business, education, R & D —or
simply increasing your knowledge and understanding of

computers - it beats comparably priced off-the- shelf machines
hands down!
STATEMENTS PRINT  TIME RENUM MAG MWD INT POS
R o ST SN 10U Btns § Lnonows 8 BB
ELSE . H >
ON : TOAD  TExT ' Dy COMMANDS » pyncrions 395 NNO E
GOTO 1UNIT MOTOR PLOT _ LET gz FNA-FNZ  7j8  KEY <
GOSUB BAUD  ESCAPE UNPLOT DEF E4NT > ABS SGN OPERATORS <-
POP CALL ~ NOESC COLOUR NEW poN s, ADR BT OR —
REM DATA  RANDOM CHAR  END pripirencs ASC CRB © :
FOR READ ENTER SPRITE BIT ATN CRE %R +
NEXT RESTOR LiST SHAPE CRB 10 SIN MEM (AD
ERROR RETURAN PURGE SPUT  CRF TAB cos MWD N
INPUT STOP ~ NUMBER SGET ~ Mem STEP s EXP CEn. NOT

THEN FRA MCH TNor

Self assembly kit .
£295 — -
Ready built £395 §

All prices + VAT
Carriage paid

Optional extras

RS232C interface kit £%:9.20 Ready built

Fiapoy qisc interface 65.50  CORTEX B - Basic machine

Pz ofdl: discdrvesand + RS232C ’ | £410.00
AEFaWETE it £365.00  CORTEX C - as above + disc drives £895.00

Full assembly instructions and 216 page user's manual.

POWERTRAN cybernetics

Portway Industnai te, Andover SP10 3NM. Tel: 0264 64455

—----;---—-----——-
To POWERTRAN CYBERNETICS, Portway Industrial Estate,
Andover, Hants SP10 3NM.

Please send

-z

| enclose chegue for _'or_oharge to:
Access/ T I l ! I l

Barclaycard
A/C No.

Name
Address

T 1

I

Tel.
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|
L
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DIGEST

ZIL-Package 64K DRAMs

Mitsubishi Electric Corpora-
tion has put on the market
the first 64-kilobit dynamic
random access memory (DRAM)
in a 16-pin, zigzag in-line (ZIL)
package for high-density instal-
lation.

The plastic-mold ZIL-package
64K DRAM is available in 120ns
and 150ns versions, and is
designed to achieve high-density
installation at prices similar to
those of existing plastic mold dual
in-line package chips. The ZIL
package measures 20.2 mm in
length, 2.8 mm in width and 8.3

mm in height. Space required for
installation is 56.6mm?, about
47% of the space required for the
company’s existing dual in-line
package chip.

Mitsubishi Electric plans to sell
the new 64K DRAMs to makers of
high-resolution graphic displays,
mainframe computers and other
products requiring high-density
installation of chips. Mitsubishi
Electric Corporation, 18th Floor,
Centre Point, 103 New Oxford
Street, London W2, tel 01-379
7160.

ETI DECEMBER 1983

Home Made Bread?

I f you're coming to Breadboard
this year (what do you mean,
if — ED.) better make sure you
haveahandfree. Youmightbe the
lucky person who carries off A.B.
Engineering’s superb tool kit.

Worth over £100, the kitis sup-
pliedin areal leather walletand is
intended to supplement rather
than duplicate your existing tool
kit. Thus basic tools like a solder-
ingiron, whichitis assumed most
constructurs willalready possess,
are notincluded but less frequen-
tly encountered tools like a de-
soldering gun and cut and bend
tool are. With this lot plus vour
regular tool kit you should be in a
position to make and repair just
about anything.

Visitors to the show will be
invited to place their name and
address on a consecutively num-
bered pad. On Sunday afternoon
awinner will be selected using an
electronic random number indi-
cator (vicious rumours which
claim that we are actually plan-
ning to use the circulation figures
of rival publications are simply
not true — we can’t have people
squabbling over the lowest num-
bered sheets!).

Exhibitors at Breadboard will
be showing such diverse items as
electronic organs, test equip-
ment, books, kits, PCBs, compo-
nents and much, much more.
There will be demonstrations of
robots and the opportunity to try
out the latest in video games con-
soles, the CBS Colecovision. This
is the game that has taken America
by storm and received rave reviews
after its appearance at America’s
largest computer show.

If all the flitting from exciting
exhibit to even more exciting
exhibit wears you out, you could
do worse than to pay a visit to the
lecture room. There you will not
only have the chance to rest your
weary feet but to expand your
knowledge at the same time. The
complete lecture programme is
given below.

Finally, areminder that the cost
of admission to Breadboard will
be £2.30 (but watch out for the
50p off vouchers in our ads) and
the times are as follows: —

Friday 25th November 10.00-6.00
Saturday 26th November 10.00-
6.00
Sunday 27th November 10.00-
4.00

Lecture Programme

Friday 25th November

11.00 Electronics in Civil Aircraft Today —

12.00 Electronic Music

13.00 Soldering — A Neglected Art? —
14.00 Holography — Practically There —

15.00 Add-ons for Microcomputers

16.00 Designing and Making Printed Circuits — —

Saturday 26th November

11.00 Soldering — A Neglected Art? —
12.00 Electronics in Civil Aircraft Today —
13.00 Holography — Practically There —

14.00 Add-ons for Microcomputers
15.00 Electronic Music
16.00 Successful Project Design

Sunday 27th November

11.00 Gateway to Electronics

12.00 Add-ons for Microcomputers
13.00 Designing and Making Printe
14.00 Electronic Music

15.00 Successful Project Design

F. Ellson-Jones
— R. Watts

R. I. Cato

A. Pepper

— 0. Bishop

K. E. Tippey

R. 1. Cato

F. Ellson-jones
A. Pepper

— O. Bishop

— R. Watts

— A, Armstrong

— D. Bradshaw
— O. Bishop

d Circuits  — K. E. Tippey
— R. Watts
— A. Armstrong

Autoranging
DMM

he new VR-3500 series of

hand-held autoranging digi-
tal multimeters from Hitachi
include temperature measure-
ment among their wide range of
functions. Models VR-3510 and
VR-3525 have built-in scaling and
cold junction compensation for
standard K type thermocouples.
Surface mounting and protector
tube probes working over the
range —20 Cto +700 C are avail-
able from Hitachi, but any K type
thermocouple can be used in-
cluding low-cost bead types.

The VR-3500 series features
manual or automatic range selec-
tion on voltage and resistance
with manual ranging on current
from 0.10A up to 10 amps. Other
facilites include a selectable con-
tinuity bleeper, adiodetestrange,
and a data hold function. Three
models are available with accur-
acies varying between 0.1% and
0.5%, and all share a common styl-
ing with a case which fits easily
into the hand.

The Hitachi VR-3500 series is
available ex-stock from Reltech
Instruments and prices start at
£82 plus VAT. Reltech Instru-
ments, New Road, Stives, Cambs,
tel 0480 63570,

)
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INTERNATIONAL

A topical selection from the current ambit parts
and equipment catalogue — 148 pages plus 3 £1
discount vouchers! Send 80p for your copy now!
% mix quantity prices apply for callers to our sales
counters

1.9 80p £2.35 £3.05
10-49 74p £1.99 £2.65 £3.50
Stockcode 01-12004 01-12024 01-12044 @ 01-84054

BATTERY ADAPTORS
CH4/RX4 . D
£7.49 ~ o,
01-02204

CH4/50
£4.95
01-00409

A unique battery sleeve adaptor set that
converts AA to C or D dimensions, and C
to D. Ideal for emergencies.

1-9  10-24
96p 65p

T idea/ chrigfmag 6iff! CALL AT OUR SALES COUNTERS AT

SOLENT COMPONENT SUPPLIES,
. 53 Burrfields Road, Portsmouth, Hants
200 North Service Road, Brentwood, Essex CM144SG BROXLEA ELECTRONICS, Park Lane,

Tel: (0277) 230909 Broxbourne, Hers.

& at Brentwood, of course!

kREMEMBL’R to add 15% VAT & 60p postage to all orders — THANKS! p
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Molecular
Electronics

M arconi Avionics Limited is
to establish a Chair in
Molecular Electronics, at the
School of Industrial Science,
Cranfield Insitute of Technology,
and to support the research for
five years.

Molecular Electronics, a term
which was originally used to des-
cribe the development of organic
materials with useful electrical
properties, isnowtakento covera
far wider field of materials and
processes. One such organic
material is polyvinylidene
flouride (PVDF) which, combin-
ing the mechanical properties ofa
plastic and the piezo-electric pro-
perties of a crystal, can be used to
great advantage in microphones
and other pressure-sensitive
devices. Many new potential
applications for it are already
beginning to appear.

Another important use of
molecular material is in elec-
trochromic displays, in which the
movement of ions in an elec-
trolyte changes the colour
absorption at its surface. These
can be developed for a great
range of exciting new applica-
tions. One such might be as
colour liquid crystal displays to
replace the monochrome dis-
plays which are now in common
use in digital watches.

Other fields of known interest
at present include new and en-
vironmentally-stable  materials
for use instead of gelatin in new
kinds of holographic optics, and
germanium, the semi conductor
material first used for making
transistors and now an important
part of modern thermal imaging
systems.

NCR Corporation has intro-
duced a single-chip CRT dis-
play controller that can be mask
programmed to provide a wide
variety of special features and dis-
play modes.

Designated the NCR 7250 CRT
Controller, it is designed to pro-
vide a well-defined interface block
between standard  microp-
rocessors and microcomputers,
and any CRT display. Mixed
character and graphic modes,
including mosaic and line graphics,
are standard features. Nine inter-
nal registers are externally
addressed to control all display
features, including page scroll-
ing, complete cursor-position
control, and eight different
screen attributes. These include
blank screens, reverse video,
video chop and enable cursor,

Single-Chip CRT Controller

while field attributes include
reverse video, blink, blank, video
highlight graphics and underline.

The NCR 7250 can be used to
display up to 80 x 25 characters
with a character cell size ofupto 9
x 12. All video signals and up to
240 characters are internally gen-
erated, and interleaved CPU
access-cycles and auto incre-
menting address registers give it
the ability to update or read a
dedicated Video RAM at direct
memory access (DMA) rates.

Designed to directly interface
with a CRT monitorviathe VSYNC
and HSYNC outputs, an input
clock signal and single RAM are
all that is required to produce the
video display output. NCR Limited,
206 Marylebone Road, London
NW1 6LY, tel 01-388 8244.

Mini
Seven-Segment
Display

A new 0.3 inch (7.6 mm) seven-
segment LED display avail-
able in standard red, high-effici-
ency red, yellow and green has
been announced by Hewlett-
Packard Company. Features such
as bright, evenly lit segments, a
low forward-drive current, a
small, space-saving package and
an attractive character front
characterise these new HDSP
Series displays.

Compared with HP's existing
family of 0.3 inch LED displays,
this new family requiresup to 25%
less current and can still be
viewed at distances of up to 10
feet (3 metres). Increases ofup to
50% in viewed brightness are
possible when the displays are
driven at typical drive currents of
5 and 10 mA, making them well
suited for high ambient-light
applications. The display package
is 0.3 by 0.5 inches (7.62 by 12.7
mm) and is pin-for-pin compat-
ible with Fairchild’s FDN 35X/
36X. Details from the Literature
Section, Hewlett-Packard Limited,
Eskdale Road, Winnersh, Woking-
ham, Berkshire RG11 5DZ, tel
0734 69662.

250 Watt
30 MHz
Transistor

otorola has introduced the

MRF448, a 250 Watt NPN
transistor believed to offer the
highest power currently available
at this frequency. The device is
intended for operation in the 30
MHz band with a 50 volt supply
and features 14 dB (typ) of gain,
65% efficiency and intermodula-
tion distortion of —33 dB (typ). Itis
designed primarily for high-volt-
age applications in high-power
linear amplifiers and is said to be
ideal for marine and base station
eguipment.

For further information readers
should contact Motorola Ltd,,
furopean Literature Centre, 88
Tanners Drive, Blakelands, Milton
Kewnes MK145BP, tel 01-352 041
extn 34.
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Long Wavelength Photo Diode

Hitachi Ltd have developed a
new photo diode made of a
compound of indium, gallium,
arsenide and phosphorus. Em-
ploying a PIN structure, the
HR1101 is sensitive to light in the
wavelength range between 1.0
and 1.5 microns and has a maxi-
mum quantum effieciency of
about 70%, an indication of its
high sensitivity.

Reflecting recent needs for
long-distance and large-volume
data transmission, the technical
trend has been toward the use of
the 1.0 and 1.5 micron range
where the transmission loss of an
optical fibre is at a minimum. In
this long wavelength range, the
germanium avalanche photo diode
has up to now been the only prac-
tical choice, but it is not sensitive
or fast enough for applications
which require higher perfor-
mance and reliability because its

dark currentand noise rate are apt
to be high and it requires a high
supply voltage. The compound
employed by Hitachi and the use
of a planar structure with a win-
dow layer has made it possible to
attain high quantum efficiency by
protectingthe electron-holepairs
generated by photons fromdisap-
pearing in recombination, and to
reduce the electrostatic capaci-
tance, thus improving speed. The
HR1101 hasadark currentof7 nA
compared with 100-1000 nA for a
germanium avalanche photo diode
and operates on 5-10 V supplies
compared with the germanium
device’s 30-40 V.

Hitachi says that these tech-
nologies help to increase not only
the performance and reliability of
the HR1101 but also its produc-
tion vield. Hitachi Electronic
Components (UK) Ltd, tel 01-
861 1414.

High
Performance
16 bit ADC

Data Beta have announced a
new high-speed analogue-
to-digital converter, the ZAD7402,
which has a resolution of 16-bits
with a relative accuracy of *
0.0015% FSRand a typical conver-
sion time of six microseconds
(seven maximum).

Monotonicity is guaranteed
and there are no missing codes
over the operating temperature
range of 0 to 70 C. The converter
accepts inputs between +10V
and —10V or 0 and 10V and
exhibits a differential linearity of
+0.5 LSB with a temperature
coefficent of only 0.8ppm/ C.
Offset drift is a low 1.5ppm/ C
and Output codes are binary,
offset binary, and twos comple-
ment.

Contained in a compact 76 x
117 x 10 mm metal case which
gives RFI shielding on six sides,
the ZAD7402 runs from =15V

ioonmersup aosand con-
sumus approximately 3.5W. Price
for 25 off is £670 each and
delivery is 4-6 weeks. Data Beta
Limited, 23A Buckingham Avenue,
Slough, Berkshire SL1 4QA, tel
(0753) 7933/4.
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DISCO LIGHTING KITS

DL 1000K

This value for money kit {es

tures a bi-directional se

quance spaed of sequance

and frequency of direction

change being variabis by means of poten
tiometers 8nd ncorporates 3 master

dimming control £1460

DLZ1000K

A lower cost version of the above featuring
undirectional channel sequence with speed
variable by means of a pra-set pot Outputs
switched only at mains zero crossing points
to reduce radio interference to a minimum

£8.00
Optional opto input DLAY

Allowing audic {"’beat } — hght
response. 60,
DL3000K

This 3 channel sound to light kit features
zero voltage switching, automatic level
control and built in mic No connections to
speakeror amp required Noknobs to ad;ust
— simply connect to mains supoly and

lamps (1Kw channeHOn'y £11.95

HOME LIGHTING KITS

These xits contain all necessary componants and full

~structions & are designed to replace a standard wall

sweich and control up to 300w of lighting

TDR300K AemoteCantrol  £14,30
immar

MKé Transmitiarfor above £ 4-20 -

TD300K Tauchdimmar £ 7.00
15300k Teuermawien £ 7.00

TDE/K Extension kit for 2-way
switching for TD30ok £ 2.50

CHRISTMAS
PRESENTS GALORE

55 x 2.7 x 2¢Cms
3 9V battery

ELECTRONIC LOCK KIT XK101
This KIT contains a purpose designed lock IC,
10-way keyboard, PCBs and all components
to construct a Digital Lock, requiring a 4-key
sequence to open and providing over 5000
different combinations. The open sequence
may be easily changed by means of a pre-
wired plug. Size: 7 x 6 x 3 cms. Supply: 5V to
15 V d.c. at 40uA. Ouput: 750mA max.
Hundreds of uses for doors and garages, car
anti-theft device, electronic equipment, etc.
Will drive most relays direct. Full instructions

supplied.  QNLY £10.50

Electric lock mechanism for use with latch
locks and above kit £13.50

LCD 372 DIGIT MULT]
"F:: including

BEGINNERS 51 R.,Qu‘ﬁ?;':‘ﬁ“g:"b°a";isv§'- HOME CON TROL CENTRE
.00

STARTER PACKS  ™————= Oftvex

Containing selection of electrorc nts Including transistors, LEDs, diodes,
capacitors, ICs #1c, together witha o ve booklet with 10 easy-to-build projects plus
a solderless circuit board enackng © ponants to be re-used. Requires 9V battery.
Discreet component pack \nc iCs! £3 00 Integrated circuit pack £6.00

STOCKING FI LLERS All full spec. branded devices.

PACK (1) 650 Resistors 47 ohm to 10Mohm — 10 per value £4.00

PACK {2) 40 x 16V Ekectrolytic Capacitors 10uF to 1000uF — 5 per value £3.25
PACK (3) 60 Polvester Capacitors 0.01 to 1uF/250V — 5 per value £5.55

PACK (4) 45 Sub-miriature Presets 100 ohm to 1 Mohm — 5 per value £2.90
PACK (5) 30 Low Prcfiie IC Sockets 8, 14, and 16 pin — 10 of each £2.40
PACK (6) 25Red LEDs (5mmdiai£1.25

o COMPUTER >
> SHOWROOM

Howrs Mon-Fri 10am — 6pm- ‘Sat 10am  4pm

This kitenables you to nntrol up to 16 different
appliances anywhere 11 the house from the
comfort of your arr chair The (ransmilter
injects coded pulses iric the mans which are
decoded by receiver modules connected Lo the
same mains supply and used to switch on the
appliance addressed The transmitter also
includes a COMPUTER intertace so youcanpro
gramme your favounte mcro (eg ZXB1) to
switch hghts heaung electnc blanket make
your morming colffee eic  automatically
without rewiring your house JUST THINK OF
THE POSSIBILITIES The kit inciudes all PCBs
and components for one transmitter and two
recervers  plus a pre dniled box for the
transmutter

Order as XK112. £42.00

“OPEN-SESAME"

The XK103 s ageneral purpose Infra red transmitter
receiver with one momentary (normally openj relay
contact end two latched transistor outputs
Designed primarily for controlling motorised garage
doars and two auxilliary outputs far drive/garage
lights at a range of up to 40 1t The unit also has
numerous applications In the home for switching
lights, TV, closing curtains, etc ideal for aged or
disabled parsons

The Kit comprises a mains powered recerver a four
button transmitter, complete with pre driled box
requiring a 9V battery and one opto i1sclated soiid
state switch kut forinter-facing the receiver to mains
appliances As with ail our kits full instructions are

supplied
ONLY £23.75

Additional Receivers XK111 £10.00

REMOTE CONTROL KITS

FOR A DETVAILED BOOKLET DN REMOTE CONTROL
— asnd 30p + 8" x

MKB8 SIMPLE INFRA RED TRANSMITTER

Supolied, wwlh hand held plastic box Requires 9V
{PP3) batta; £4 20
MK7 INFRA RED RECEIVER

Mains powered with 1riac oulput Lo swilch up Lo
500W a1 240V sc Renge approx 20 ft onoff or
momentary control €900

D (RC 500K — special price tor MK6 MK7

Have you got our MKS 4 WAY KEYBOARD £1250)

; For use with MK 18 MK 12 transmitter recaiver

FREE GREEN CATAl DGUE yet? where only 4 channels are required €1.90
MODEL B MK10 18 WAY KEYBOARD £540

MK11 10 channel + 3 snalogus n/p recelver
A mains powerad LR recaver providing control
signals to 10 on‘ol! and 3 anslogue circuits May be
used for controlling the valume of an amphiier
€12

o Lo, brightness of alamp alc
We also stock peripherals and MK12 18 CHANNEL LR RECEIVER

ri I T e (4070 3 [ 13a L=l A mains powered LR Receivar providing up 1o 16
accessn p outputs for switching £11.95
: ioy sticks etc, together with.a MK18 based on the 5L490 This kit includes all
ORDERING 15 EVEN EASIER — JUST RING components tomake a coded lransmitter Reguires a

THE NUMBER YOU CANT Tl e PP bartery and keyboard (MK MK10 or MK131 size
FORGET FOR PRICES YOU CAN'T RESIST software for all the above 8« x 13cm Range approx 60 ft £6 20

5-6-7 8-9-10 omputers including ZX81 MK13 11 way keyboard for uss with MK18 and MK 1)
% o co = iy

SEND S.AE. FOR LIST TODAY!

Aot s owgs. s ALL PRICES EXCLUDE VAT Y s sensve

A complete kit of top Thi T':ERMQ,METER 2l
MICROPROCESSOR CONTROLLED qua“ty components o R
MULTI-PURPOSE TIMER

the ICL7126 {a lower power

: : B version of the ICL7106 chip) |

o) SEEN including PCB, con and a 31/2 digit liquid crystal L-m

Now you can run your central heating, lighting, hi-fi system and Iots nectors, sockets and disp.ay. This kit will form the - —
more with just one programmable timer. At your selection il is .

designed to control four mains oulputs independently, switching on switches and trans-

basis of a digital multimeter
and off at pre-set times over a 7 day cycle, e.g, lo conirol your central former. Ezl_oo

{only a few additional resistors and switches
h (inclodi it i a Nonds!, L E are required—details supplied), or a sensitive
eating (including differant switching times for weekends). just
connact it lo your system programme and sel it and forget it—the PCB Only £495

digital thermomater (-50°C to +150°C)
clock wili &g ihe resi S Now only £39 00

reading to 0.1°C. The basic kit has a
FEATURES INCLUDE -
Imm LED 17 sous gmplay (Kitincludes &

sensitivity of 200mV lor a full scale reading,
automatic polarity indication and an ultra
*
Day of week am pm and outpul status indicato’s box, assemziy =
4 gpen collector outpuls 1or driving rekays 1riacs etc JNSLrUCTIONS

low power requirement—giving a 2 year
typical battery life from a standard 8V PP3

50 60Hz mamns operalion

Batlery backup saves stored programmes and continues ime keeping Order as CT6000

when used 8 hours a day, 7 days a week
Price £15.50

during power farlures (Ballery not supphed)

Display blanking during power laiiure to conserve baltery power

*

*

*

*

* "

* 18 programme lime sets Add 65p postage & packing + 15% VAT ta
* Powerful Everyday lunclion enabling outpul 10 switch every day bul total Overseas Customers;
*
*
*
*
*

24 HOUR CLOCK/
APPLIANCE TIMER KIT

Switches any appliance up to kW op and off at
presel umes once per day Kit contains
AY 51230 (C 0 5" LED display, mains supply
a:splay drivers. switches LEDs, triacs PCBs
and full instructions
CT1000KBasicKit £14.90
CT1000K with white box
56 131x 71mm) £17 40
Ready Builti €22 50

use anly ane ime sel Add £2 50 (Europe), £6.00 (eisewhere) far

Uselul ‘sleep function - Lurns on outpul {or one hour

Direct swilch conlrol enabling outpul to be turned on immediately or
alier a specihed ime mnterval

20 tunclion keypad lor programme entry

Programme venficalion at the louch of a button

Plaslic box wilh altractive screen printed front panel 15« 10« 5 5cm

p&p.
Send S A E, for further STOCK DETAILS.
Goods by return subject to availability.

9 5 M Fri)
OPEN **Toam o 4om sat]

ELECTRONICS™

11- 13 BOStOn Road I AE:;S‘S TEL g:gg; gg;‘j ORDERS
Lo n d 0 n W 7 3 SJ M':E:::‘:w 01 :579 2842 E?glzjﬁ:?éist AFTER 3P8
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Reels
on Wheels

The latest thing for the ‘dis-
cerning on-location recor-
dist’, so Marantz tell us, is this
smart looking portable stereo
cassette recorder. Designated
the CP430, it and its little brother
the CP230 replace the Superscope
CD320 and CD330 machines
which Marantz have been selling
over here for some time.

The two new models are both
smaller and lighter than their for-
bears, offer considerably in-
creased battery life, and have
been designed so that no knobs,
switches or connecters protrude
from the case, affording the max-
imum protection should they be
accidentally dropped. They fea-
ture normal, chrome, and metal
tape compatibility, fine bias con-
trol, speed variable by = 3%,
memory rewind, illuminated VU
meters, and the ability to monitor
either channel independently
through the built-in loudspeaker.
Powering can be by dry batteries,
an optional rechargeable battery
pack, or from the mains using the
adaptor supplied via the 4.5v
input jack. Connecting the mains
adaptor also charges the battery
pack. Line input and output
sockets are included so that they
canbe used witha domestic sound
system, mixer etc.

The CP230isatwohead machine
with both Dolby B and C noise
reduction and costs £169.90 in-
cluding VAT.

The CP430 has three heads,
allowing off-tape monitoring, and
has both Dolby B and dbx noise
reduction. 1t costs £249.90 in-
cluding VAT.

Optional extras include the EM
8 microphone and the RBD430
rechargeable battery pack, both
at just under £30 inclusive. Both
models come complete with the
mains adaptorand a carrying case
which incorporates a pocket for
the microphone. Marantz Audio
UK Ltd, 15-16 Saxon Way Indus-
trial Estate, Moor Lane, Har-
mondsworth, Middlesex UB7
LV, tel 01-897 6633.

ETI DECEMBER 1983

Videotone
Switch

Regular readers will remember
that we reviewed the Video-
tone Minimax 2 speakers back in
our September issue. At a press

| reception recently, they told us

that they have already changed
the speakers.

The new speakers are still called
Minimax 2, although they’re now
produced in Hungary (the first 2s
were made in the UK). The drive
units are different, the material of
the port is different, the connec-
tors are different — in fact, the
whole lotis made by the Videoton
company in Hungary, which is a
separate entity from Videotone
Ltd of the UK.

Videoton claim that the two
speakers are very similar indeed,
and that any differences are to the
favour of the newer version. They
certainly sounded OK when driven
bythe super-fiset-up atthe recep-
tion — although we didn’t get a

chance to compare them with the

Hall Effect
Devices

F ollowing our feature on Hall
effect devices in the October
issue, anumber of companies and
individuals have contacted us to
ask where the 1Cs mentioned in
the article can be obtained. The
short answer is, almost nowhere.
There seems to have been so little
interest in Hall efiect devices in
the past that few suppliers have
bothered stockingthematall, and
those that do rarelv ofier more
than onetvpe. Letus hope thatthe
interest generated by this article
will improve matters (advertisers
please note!l.

So where can vou get Hall ICs?
Farnell Electronic Components
Limited of Canal Road, Leeds
LS12 2TU, can supply the
UGN3501M but thev will only
deal with industrial and pro-
fessional customers. M atford
Electronics, who advertise in our
pages, can supply a device called
the UGN3020T whichis similar to
the UGN3019T mentioned in the
article and comes in the same
package. Maplin stock three Hall
I1Cs, two of them switchesand one
a linear device. None of them
were mentioned in the article but
you should find enough informa-
tion in the Maplin catalogue to
enable you to use them success-
fully.

If anyone out there knows of
any other suppliers of Hall
devices, especially ones who will
deal directly with the public and
who stock any of the devices men-
tioned in the article, please let us
know and we will give themamen-
tion in a future Digest.

MK1 2s.

Also being launched were two
new bookshelf-size speakers, im-
ported from Hungary. The DB1312
is an even smaller two-way sys-
tem, priced at £49.90 and a three-
way svstem at £99.90 per pair.

Toaddto this, Videotone willbe
selling a new budget moving coil
high-output cartridge; it's called
the MC 88E and sells for £27.90.
Also new, is a top-line MC car-
tridge with a Van den Hul stylus
for £114.90, the MC87.

Videotone Ltd, 1st Floor, 55
North Street, Thame, Oxfordshire
OX9 3BH; tel 0844-21 6929.
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CA3046 72p| LMS65 100p € by th Y% Watt Carpon | 4%T03 mounting kits 20p 64 mm Loudspeskers B8R 70p
6 L SAASO41 £25 lectpoyte AT % | & % E 4xTOB6 mounuing kits 20p 54R 78p each. 300mW rating
CA 3065 190p | LM 567 150p | SAA5050 £10 | redial/axial Tantalum bead. | BAX 13 5p | film5% E24 5 xTD126 bushes/washers 14p PP3 hattery snaps 6p each
CA3080 72p | LM709 350 | SAA5052 £10 BAX 16  6p | seriesd.7 R 10xT0220 bushes/washers 22 4%HP7 battary nolder 225
CA308 56p|LM710  70p| sL4s0 3009 0A47 9p | 2M21peach, i . ek
Value/ V Drice | Value/ V pri b 5 xTO3P bushes/washers 14p BxHP7 battery holder 32p
CA3089 170p | LM 711 60p | SN76115 S8p alue price | 54 90 7p | % Watt Carbon
CA 3090AQ LM733 750 | SN76660 90p | 047 25 5p| 0.1 uF35 12p 0A Q1 g film 5% E 12 20mm panel fussholder 32p 20mm chassis fuseholder Tp
3 LM 741 14p ~ " | 047 83 6p| D22 35 12| oa Bp series 1R-10M 4mm plugs 12p. 4mm sockets 20p. 4mm insulated ter
AT g(slp (M747 son| TBA120S 700 | 14F 63° 60| 033 35 120 0A95 p 2p sach minals 30p. 3.5mm jack socket 15p. 3 Smm jack plug 158
3 D TBAS 000 | 22 16 50| pay 35 125] OA200 7p | - Phono sockets 15p. Switches: miniature toggie, SPST 60p,
CA3140E 44p | LM 748  3Sp TEASSOzDQZZ‘Op 153 &3¢ - P| 0A202  @8p | % Watt Metal SPOT 68p, DPDT 78p each. Miniature push buttons. 1A/
CA 3160E 100p Lm :‘;4933 :?p TBAS70Q200p 4:7 25 g: ?sg gg ‘}:: ey 5p :IEI:?E: %OEZ?M 250V pus‘h' 10 make 16p Dus.h 10 break 23p. Midget rbtir\;
CA3161E 140p | LI P| TBAG25 100p | 47 63° 60| 22,F35 16p 18921 9p % ce switches, pch terminals 2PEW, 4P3W, JP4AW 39p each,
CA 3240A$659 MC 1455 16p | TBABOO 70p | 10uF 10 Sp| 334F35 18p mg}g 2; "250p per 100, | Slideswitch 1A/250V DPDT (22 x 12x 8 mm) 16p.
MC 1458 34, :
CA 324061100 | e 1408 Jor Toasios senlu Rl i - BT EE ECE A  BRAND NEW COMPONENT PACKS
CASloam % | MC1748 350 | TBABZD 75p | 10WF 63 To| 104F 16 200 | INSI49 4B | 80P per 100 | L IC sockets. B 14, ang 16 o 20 of et a40p
CA 810QM MC3302 72p | H 1N4001 3p | mixed values. i et b Lot o
250p TBAB20M 78p | 22uF 16 6p| 15.F 16 28p 1N4002 ap | 2.5 Wau wire- CP101 20 BC182/BC212 transistars, 10 of each 130p
MC3401 88p | TBA920 195p | 22uF 25 6p| 22,.F 16 35p 1N4003  4p | wound OR22. | CP102 20 BC183/BC213 transistors, 10 of each 100p
|L-: gg;’ 120P MC3403 650 | TBA950 210p | 22uF 63° 9p| 33.F 16 60p 1N40O4 5p | 10 ohms E12 CP103 208C184 BC214 tansistars 10 of each . . 130p
5P | NE529 220p [ TCA270 120p | 474F 10 7P| 33,F 10 360 | ;Na005 S | series 26p each, | CF 104 20 BCS48C /BCSESC 1ransstons, 10.0f esch  130p
LE353  80p | NE531 160p | TCAB00 250p | 47uF 25 8p| 47.F 10 60p 1N4006 6p | Presets: mini- CP105 _20 812.55_01: BCSH0C transistors, 10 of each  160p
LF355 858 | NES32 66p | TCA940 180p | 47 kF 63 120| 68uF 10 80p IN4007  6p | ature horizan- | CF106 100 1NS14 switching diodes, 75100V /75mA 240p
LF356 88p | NES44 200p TDA1022550p 100 10* ©p| 60uF 6.3 60p IN5401  11p | tal & verucal CP107 100 IN918 switching dicdes, 75/100V/75mA 280p
LF357 110p | NES5SO  160p TDA1024130p | 100 16  Bp| 100uF6.3 700 | 5c407 12p | 8peach 100R. | CP108 100 1N4 148 switching diades,75-100V/75mA 160p
3 NES55  16p 100 25 10p| 100uF3 38p 5 500K CP102 500 1N4148 switching diodes, 75100V 75m A §80p
LM 301A 26p TDA2002100p 1INS403 13 mrred el
Mo NE55% 450 | TDA20031B0p | 100 63 18p| 150uF6.3 90w | incagy 135 | Muluturn cer- | CP11030 IN4OOZ 1A/400V ractfiers . . 100p
tmg?1 23:; NES558 1700 | TDA2004208p | 220 107 8p IN5405  18p | mettammers | 2111 10 MC1458 Dual op amps (741 type] . . . . 320p
M 1 NE565 140p | TDA2005M 220 16 10p 1N5406 14p | 100R-500K 2 100 400mW zeners, 4 of sach 2V 7 1033V 460p
LM318  120p NE 560 150p 395p 220 25* 14p| Caramic Plate 1N5407  15p | 88p each 3 100 1.3W zeners, 4 of gach 4V 7 to 51V 850p
LM324 40p NES67 110p TDA2006240p | 220 63 24p| 63/100 v IN5408  16p | Poten- CP114 4 LF351 JFET op amps. Low naise . 170p
LM339 46p NES70 350p TDA2020250p 470 10 Mp| 18pF 104N7 | gA 100V 25p | Lometers CP1154 LF353 JFET op amps, dual low noise 300p
tm ggg ﬁg; NE571 3200 | TDA20302300 | 470 25° 208 | sp. 8A 200V 28p | Single ﬁ:g CP11750 r(nixad/LED'n 3mm/Smm/irect/
1000 10 18p 1 ; 1K 10 red/green/yellow , . . 5 o . 400p
Tt NESZ‘% 58: %23822;,50’ 1000 25° 28p | Polystyrene 5% | A0V 30p [ g5, ) CP119 100 1N4002 1A/100V rectifiers . 270p
LHZEDE i) 2200 10 32p| 63 V:i10pF to Singie gang CP120 10 C106D 400V/4A thyristors 250p
WS Uiy | RS (LD 130p | 5200 25° 45p| | NF 9P each, with DPST CP121 10 NE5S6 dual timer (C's . . 400p
LM381 120p | SAA1027550p 1210 10nF SRR : . ;
TLO61 40p switch 68p CP124 100 mixed electralytic capacitors
e ‘:g: g::;go%;g: TL062 BOp s ont 12p each. each 10-63V/1-10004F %
LM 3 * axials only ot el 0 w1
LM387 135p | SAAS010580p TLOG4 120p available these | Polyester C352 gg:ﬂ‘gjhéxm Dual gang 9501::' CP125 5 LM317T 1A/TO220 variabie regulatars . . 440p
tﬂ ggg :g: 2223328 s:% gtzgg; ggg vnlq.ess‘readial ! 3375315)01;/ 16p each SPECIAL BULK PURCHASE
p | available on al L1, U1, . Se1m
LM556  45p | SAA5040 £18| ULN2004 80p | of above. 0022,0.033, | 12mm(BOCM) 25717 25p C106D 400V 4A Thyristor 28p each. 10 for 250p. 25 for
0.047 6p. 28p each 25'x375"90P | ‘4750, 100 for £20.300 for £54.500 for £85, 1000 off POA,
0.068,0.1 8p| TO314CW  |25x5" 110p LM317T TA/Adj. Reguiator 88p each. 10 for 880p. 25
ORDERING INFORMATION: Please add 40p P&P to all | 0.15,0.22 10p 3°"“°f‘- 3.75"x3.75 tar €21, 100 for £68 300 for £196 500 for £] 1000
orders under £6, then VAT to total order. Cheques or | 033,047 12p | TGS 10C/W  1110p off POA. 1N4148 switching diodes 3p each. 100 for 160,
postal orders made payable to Comtech Electronics. | 988 18p.Tx | 1Wpeach ' |375'x5" 1150 | 500 for £6.80. 1000 for £1150. Larger quantities plesse
s . N 22p. pak of 100 pins anquire. 1N914 switching diodes 3p each, 100 for 240p,
offlCI.al orders welcome, trade please enquire. All items 18'C/W 25p 55p 500 for £11.00. 1000 for £17, Larger quantities pleass
?ellldl'm stock despatched same day. LARGE SAE brings ?Ois:‘c‘eramic: :I" i: "'_"a"h Spot Face cutter| enauire. Generous guantity discounts available on mosi
uil list. P ack finis lines.

*SAME DAY DESPATCH*
X COMPETITIVE & RELIABLE %
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oneywell has introduced a

low costversion of its smallest,
ceramic-packaged, Hall effect
sensor. Consisting of an epoxy-
coated IC mounted on a 7.6 mm
ceramic square, the 8SS has a tem-
perature range from 0 to 50°C
making it ideal for room tempera-
ture applications.

The 8SS has a two-state digital
output and responds to variations
in magnetic field, generated by
approach and withdrawal of an
external magnet. Small size and an
operating frequency of 100 kHz
make it extremely versatile. Appli-
cations include sensing of cam
position, ignition timing, poten-
tiomenters, tachometers and

Miniature Position Sensor

wherever a miniature sensor is
needed. A linear output version is
also available.

8SS devices are available for
two voltage ranges: 4.5 to 5.5 V
DCand 6to 16 V DC, and outputis
either bipolar or unipolar current
sink. Maximum operate magnetic
field is +0.0025T Tesla, minimum
release is —0.025T, and minimum
differential is 0.004. Mounting
and package options available
include lead wires, solder pads
only or variations on the standard
PCB termination pins. The cor-
ners of the ceramic can be
cropped to reduce the size of the
package where space is at a pre-
mium.

Marconi Spins a New Yarn

M arconi Space & Defence
Systems Limited has de-
veloped a novel solution to the
problems traditionally encoun-
tered in producing electrical
cable harnesses. Such work has
previously been carried out on a
peg board and has been time-
consuming and labour intensive.

The solution and the product,
‘Marconiweave’, is based on a uni-
que adaptation of standard weav-
ing machinery, and can meet the
requirements for quality and
reliability imposed by military
standards. ‘Marconiweave’ allows
a user to specify hybrid woven
cables combining different types
of construction — flat, multilayer
and tubular — and to combine a
wide range of different wire
gauges and insulation factors.
Many kinds of multicore cable
may be specified including
screened varieties, and any length
can be woven into a flat cable-
form. The fact that ‘Mar-

coniweave, can also be woven in
the form of a tube allows extra
wires to pass through the centre
and to accommodate other ser-
vices such as small tubes carrying
liquids or gases. Tubes and opti-
cal fibres can also be combined
with wires in a flat ribbon and
spacers can be inserted auto-
matically to maintain a constant
and controllable distance bet-
ween wires.

Applicatons for ‘Mar-
coniweave’ are foreseen in many
areas of communications, especi-
ally those where the position of
each wire relative to every other
wire must be held constant.
Further applications exist in the
fields of computers, test equip-
mentand many otherinstallations
involving large numbers of elec-
trical connections. Marconi
Space & Defence Systems Limited,
West Avenue, Kidsgrove, Staf-
fordshire, tel 07816 3501.

SHORTS

® A note of gloom to start the
winte'r on. Business information
company Dun & Bradstreet Ltd
inform us that 562 electrical com-
panies went into liquidation dur-
ing the first nine months of this
year, anincrease of 11.5% over the
same period last year. There were
72 bankruptcies in the industry in
the same period and this repre-
sents a 9% increase on last
year’s figure.

® Have you been ripped-off?
Inmac’s new sprocket-hole rein-
forcer tape will repair damaged
computer printout as well as pro-
tecting undamaged printout.
Made of tough clear vinyl, itis sim-
ply cut to length and the pre-
punched holes aligned with those
of the printout. Further informa-
tion can be found in the free, full
colour catalogue which is avail-
able from Inmac (UK) Ltd, Davy
Road, Astmoor, Runcorn, Chesh -
ire WA7 1QF, tel 09285 67551.

® Lloyd’s Register of Shipping
have produced a unique English/
Japanese dictionary of technical
terms. Although aimed primarily
at the shipbuilding industry, it
covers a wide range with 5000
entries in 192 pages, and best of
all, it's free. Lloyd’s Register of
Shipping, 71 Fenchurch Street,
tondon EC3M 4BS, tel 01-709
9166.

@® K E. Developments have pro-
duced a range of printed circuit
mounting DC-DC converters
winch ofier a choice of regulated
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and un-regulated fully isolated
outputs from standard 5 and 12
volt inputs. the converters are
availablein 2.5 and 6 watt versions
with efficiencies of 50% and 70%
respectively and with outputs of
+5v, £12V, £35V, +180V, and
+240V. K.E. Developments Ltd,
The Mount, Toft, Cambridge CB3
7R, tel 022 026 3532.

® Another useful address for
everyone out there with a muti-
lated multimeter. Aughton Auto-
mation Ltd of 29 Woodward
Road, Kirby Industrial Estate,
Liverpool L33 7UZ, canrepairand
re-calibrate most electrical and
electro-mechanical test equip-
ment. Their telephone number is
051 548 6060.

@ Bring your Sinclair up to date
with Glanmire Electronics’ new
Time Controller. Consisting of a
battery backed up real time clock,
it provides the computer with
month, day, date, hours, minutes,
and seconds and has eight pro-
grammable inputs and eight pro-
grammable outputs and an exten-
sion for the attachment of further
peripherals. Available for the
ZX81 at £34.50 and for the Spec-
trum at £38.50 direct from Glan-
mire Electronics Ltd, Westley
House, Trinity Avenue, Bush Hill
Park, Enfield EN1 1PH, tel 01-
366 3245.

® Toolrange’s Combi-Check is a
hand-held combined voltage and
continuity tester. It detects the
presence of 6, 12, 24, 50, 110,
220, 380, and 660 V DC or up to
100 Hz AC, displaying the result
on a row of LEDs, and will make

polarity and continuity tests at up
to about 2M ohms. Operating
from a 12V battery and with an
input resistance of 660k, the
Combi-Check is available from
Toolrange Ltd, Upton Road,
Reading, Berkshire RG3 4JA, tel
0734 29446.

@ The Institution of Electrical
Engineers are to hold a one-day
colloquium on ‘Techniques of
Medical Imaging’. It will take
place on Wednesday 23rd Nov-
ember at the 1EE headquarters at
Savoy Place and will cost non-
members £33.35 plus lunch. The
IEE, Savoy Place, London WC2R
0BL, tel 01-240 1871.

® Thorn EM! Electron Tubes Ltd
have published a paper called
“Voltage Divider Design’” which
deals with design of divider net-
works for use with photomulti-
plier tubes. The paper covers
such requirements as linearity,
scintillation counting, speed of
response, etc, and is available
free from Thorn EMI! Electron
Tubes Ltd, Bury Street, Ruislip,
Middlesex HA4 7TA, tel 08956
30771.

® The PBL 3747 monolithic ICis
designed to solve matching pro-
blems wherever a high im-
pedance source must be fed into
a low impedance load. Incor-
porated in a TO-92 plastic pac-
kage, the device has an output
impedance of 60 ohms, an input
impedance of 66M ohms, 1% dis-
tortion at its maximum output of
200 mV, and 2.5 dB gain at 1000
HZ. Contact RIFA AB, Market

Chambers, Shelton Square,
Coventry, tel 0203 27259.

® National Panasonic have in-
troduced three new sizes of 3V
Lithium - Polycarbonmonofluor-
ide batteries to their range for
use in memory support and long-
life standby applications. New
sizes are 2/3 AAA with 300 mAh
capacity (10.5 mm dia x 30 mm)
and A size with 1.9 Ah capacity
(17 mm dia. x 41.4 mm). Cells are
available with either solder tags
or pins and have a shelf life in
excess of 10 years. Special Bat-
teries Division, Panasonic Indus-
trial (UK) Ltd, 300-318 Bath
Road, Slough, Berkshire SL1 6JB,
tel 0753 34522.

® The Open Computing School
offers courses in everything from
beginners BASIC to the more
sophisticated information ret-
rieval systems. Courses are self-
paced and students can choose
their hours of attendance. A 15
hour BASIC course costs £45.
Details from Jack Flatau, Poly-
technic of the South Bank, Bor-
ough Road, London SE1 0AA, tel
01-928 8989 extension 2468.

® Cumana have introduced a new
5%"disc drive for the BBC and
Dragon microcomputers which
will be sold through High Street
outlets such as W.H. Smiths. The
driveshave theirown power supp-
ly, are available in 40 and 80 track
single sided and 80 track double
sided versions, and come with a
12 month guarantee. Two drive
can be used simultaneously with
the BBC and up to four with the
Dragon.
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THE POWERFET

'SPECIAUSIG
Pantechnic present the most adaptable high powered amplifier ever, EAST ANGLIA'S LEADING SUPPLIER OF MICROCOMPUTERS
AND COMPONENTS TO EDUCATIONAL ESTABLISHMENTS
FETSYSTEM amp :
Features: | | BBC Microcomputers Interface Devices | Regulators
N . ST 34695 | 6402 380 78L05
® HIGH POWER. 1.2KW (single ended). ‘ 43195 | 75007 047 | 7812 030
® LOW VOLUME. 1/15 Cubic foot inc. Heat Sink. - PR ETHS, A T [ e o
® VERSATILE. Delivers more than 1KW into %2 to 8 ohms. | 75154 077 | 7812 040
OR 2 x 600W into 2 to 82 BBC Micro Econet o Al o
OR 4 x 300W into 2 to 4 £ (200W into 8£) | : s avatable Inslallafion 75162 395 | 7912 045
i * s 75172 19 7915 045
o 1 x600W into 2 to 8& 75173 |41 | LM30sK 1 20
R §1x300W !mo 2t04Q :EC Cc*ﬂpah.bleDlsc Drives ;2:;@ : j'{ tm§%E ggg
1x150Winto4to89 v el DR EBC Mg | 75e) ool iiasek 855
Etc. Etc. o SEHHG Lt mtnitil Fo chgy 050
H . . . ’ o A = = SR R 75188 037 | Data Convertors
Ha\(mg beencloselyinvolvedinawide varietyof OEM applications of s = B il ;gg? ggj UPD7002 DI 426
their amp boards, Pantechnic became aware of numerous impie- ac=zedzsc 75452 02z | ZN4Z DOl e
: D rpem g oo Nl
mentation problems often left untackled by otheramp board manu- ~Jaes = ;gigi 9022 | znazr DI 593
facturers. These problems specifically of size and thermal efficiency x 75458 06 [ ZN428 R
became particularly aggravated at high powers and considerably e ) IN432 DI 1300
lengthened OEM product development time. pe 300 | ENS RUR252
Byincludingthermaldesigninthe totality of board designithasceen e ety stars
possible to reduce the size of the electronics, and increase ine e 670 | IMH. 275
efficiency of the transistor to heatskink thermal circuit. The com- - e e I
bined effect of this has been to dramaticallyincrease the vclume 0 037 | 8MHs 086
efficiency of the amplifier/heatsink assembly. The SYSTEM Amzc Conzectors bl 3% | DILSockets
offers 1.2KW of power in a space of 180mm x 10Zmm « 770 g T Gold W/W
excluding PSU and Fan. 0w Z
The basis of this considerable advance is the PANTECH = 40
Exchanger, newly designed and manufactured o i
eliminating the laminar air flow found in conventiorai 65 !
sinks, heat transfer to the environment is great'y en d 0
The flexibility of the 1.2KW amp stems from its division intc & gdten- BB (ks 99
rateztlewiinge = )
tially separate amplifiers of 300W each (downrateza i ostsav | BBC Micro Software
ingsto 150W.) These canbe paralleled.increasing currenicapability s 510 575
or seriesed (bridged in pairs) doubling voltage capability. In conse- | 1ZMOs il 832
guence a large variety of amplifier/icad strategies can be imple BBC Micro Software Lz
menied. RilsenER e BE o holshanle T o753 | patasheetsare
Pantechnic offer a full rant f ~g ootions including DC L LM308N 048 “"‘“'"(“131;’““9“‘5
HDE _ LM311P 0:50|(] {1 EEEE )
coupling. ultra high slew etc Cv t Pril Rimmmer on 01-800 6667 Memories 8080 Family [M3loN | 93 gr‘meua;xsre uséosllo;vgn
with your particular application prosle 2114L 200NS D1 11180 | 8085A D4 350 | LMIUN 030 f 52 Yoo De 300
2708450NS D2 85| 8212 11g | LM348N 060 1 13 y25 D7 200
2718450NS DI 45| 8216 100 | NESSSP 0161 5y 200 D8 500
2716350NS D1 495 | 8224 210 ?&)51506@ 8%8
27163Ral DI 725 | 8228 327
OTHER POWERFET AMPLIFIER MODULES 2532450NS D2 345 | 8251A DS 250 [ TLOGI 028 | Alull runge of the
Model Price Range Dyn-loads Notes 2732450NS D) 345 8253 400 | TLOGZ 043 | |ollowing producls is
(RMS) 2732350NS DI 545 | 82554 D5 225 | TH0B4 088 | ened i slock and s
“PFA100 2196  50-150W 4 8 Physically small (32 x 78 x 2764300NS DI 795 et 028 1 istec in our FREE.
108mm) 4116 ISONS D] I__IBS 1071 029 calulogue
- . 4116200NS D2 180 | 6500 Family TLO72 047
*PFA200 29.52 100-300W 4¢ 8¢ High watts/£ ratio 4118 ISONS D1 325 6502 D3 325 | TLO74 1 00
PFA/HV ~ 36.04  200-300W 4,822,161 5dB dynamic headroom 5516200NS D2 945 | 6502A D3 500 | TLOS! 026 | % 74LS Series TTC
Drives 70V line direct. 6116 I50NS D] 230 6520 Dl 250 %igg% (IJ gg * %ODBO Series CMOS
- o ol B - 6116 Low P b6520A Dl 316 * Tl loie M E
ALLSCORES 22 ol AN AR @t U EuEn: lsons D2 495 | 6522 DS 200 | TLOSI 040 | 9900 Series Murs
- mounted on type 74 Heat Exchanger (see below) 4164 200NS B522A D5 550 | TLO92 058 | # Crystals
*The power output of these amplifiers can be increased by approx il D3 395 6532 D2 550 | TLO94 | g1} | eI Gt S
; T v el . ’ J00NS TL487 062 D Type Connectors
15% with no diminution in quality by adding PSU102 (£7.61) to your 4'6“00'\‘5 D3 38 f L = TL489 | (PR
xistin W : 45\5/45“3 oppy Disc TL494 163 | * Monuchrome &
existing power supply D2 225 | Controllers TL4%6 060 Culour Monilors
4332200N§ D2 295 | 8271 4800 | TLoO7 133 (NEC & KAGA)
Some Other Pr'od.ucts & Components e T psiom | 73 6] [ Bt e s
Type 74 Heat Exchanger. Dissipates 300W (1.2KW biown) £7.50. o s N T g{;g% B e 81@ *gi:sr[[:i’éuhle
25A 400PIV Bridge Rect. £2.17 6802 D5 250 | FpI795 Beadee | 22 027 Assemblies
100,000uF 100v cptn grade with clip £9.75 8810 0| T EE | e——
PAN20 Pre-amplifier module. Very low noise and distortion £8.48 ) D3 100 | wozlsz of | EayaRiaees
PAX2/24 2 Way active crossover (specify frequency) £10.10 6845 DS 650
PAX3/24 3 Way active crossover (-do-) £19.50 6850 D2 i m Buﬁers CurriudgEZ[%rders upfoE199 are sent by Ist class
68488 D2 pustan + by S
PSU103 Powers 2 x PAN20 + 2 Xovers £6.91 £8BO0 0'£1000 50 £100-£199 | 25 £200+ 5 00 by Secuncor
PAN1397 20W power amp. (LOW TH D) £5.04 68B09 D6 Prices quoled (+ camage charges) are exclusive
68B10 Dl 44 fVAT and bjec -h h
PSU101 Powers 2 x PAN1397 £3.43 GoB2] B i O Ty e e e A
Transformer for 101 £4.30 (inc postage) RORAD Do el R
z 9 cial Orders are welcome from Educafion
TOROIDAL TRANSFORMERS 780 Famil gsmbhshmenls, Government Bodies and Pulblm
' - . ] a: y ompanies
with special low flux windings Z8OACPU DI Credit Accounts are available Io olhers subject
Nom,VAC 160VA 225VA 300VA 500VA 625VA  750VA e e el X T CH A e
40-0-40 10.43 12.00 13.04 = = — Z80BCTC Di Credit Cards are accepted (Access and Visa) for
45-0-45 = 12.00 13.04 16.96 — —_ %gg ﬁg&f g lelephone and poslal orders and NO SURCHARGE
50-0-50 - — — 16.96 2 5 e
70-0-70 _ _ - 16.96 19_84 22_00 %gg QEJIUO 3 doutc{ slockllevrruus v:]v” [ﬁl]ow automancally, at our
. D tion, ora cefund will be qiven if requesied
(for PFA/HVY) Z80ASIC D -
Transformer prices include postage. Ask for leaflet "Choosing a Transformer.”
Carriage 75p. Add VAT at 15% to all prices. T DI
THE POWERFET SPECIALI et S};}})Y}F?E;SSHTO Post ft Midwich Compn\ﬂCf smpany Limued Rickinghall
N TEL YOURO Huuse Hinderclay Boud, Rickinghall Suttolk IP22 |HH
t IALISTS DISS (0379) 898751 | I
an l‘ nlc Midwich Computer Vs
p ; Company Limited, | L et I
Mail arder only 1o Rickinghall House, i Da
3 -
Dept ETI/12 148 Quarry Street, Liverpool L25 6HQ Hinderclay Rd, I I
Telephorie: D51-428 8486 Rickinghall, ; B
Technical enquiries Suffolk - ===
Phil Rimmer 01:800 6667 P22 IHH. & A ETI I
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PROJECT

16 CHANNEL

A/D CONVERTER

Get your micro to do some real work with the aid of our
versatile unit. Design by Bob Campbell.

onnecting one’s micro to the
‘ outside world is probably

one of the most rewarding
and exciting computing projects
that you can undertake. Not only
that but it is often extremely use-
ful — a carefully designed central
heating cantrol system could save
you enough money to pay for the
project itself!

To link the digital world of the
micro to the real world of analogue
signals an interface is required.
The interface is used either to turn
a digital signal into some meaning-
ful voltage or current, or to convert
a voltage into a digital signal so
that the computer can interpret it.
The digital to analogue converter
side of things was more than ade-
quately covered in the March
issue of ETI, so this article will pre-
sent the other side of the coin, the
analogue to digital converter. As
with the previous project, this
design is based on the Tangerine
Micron Microtan 65 system, but
consideration has been given to
the question of adapting the
design to suit other systems, in-
cluding Z80 based computers.

The circuit is designed around
the industry standard ADC0808 or
ADCO0809, both of which are 8 bit,
8 channel, microprocessor com-
patible analogue to digital conver-
ters. The difference between the
0809 and 0808 is the accuracy,
oeing = 1 LSB and = %2 LSB res-
oectively. The converter is a
CMOS device made by National
Semiconductor amongst others,
znd uses a conversion technique
XNOWnN as successive approxima-
on. This technique usually pro-
«ides fast conversion times, to-
zether with good overall accuracy.
Other features of this converter -
zre single supply operation, no
zero or full scale adjustments re-
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quired. low power, and guaran-
teed monotonicity. This last point
can be very important, particularly
in high speed closed loop feed-
back svszems. Nen-monotonicity
in such situations would produce
osciiiation wnich could be catas-
trophic ror tne svsiem being con-
trolled.

The mzin conversion elements

oe

of the G802

css latch, giving the
s to any one of

International-size card to suit the
Microtan, and includes provision
for two converters giving a max-
imum of 16 channels. The remain-
der of the circuitry consists of the
data bus buffers and address de-
coding, and IC3 which is used to
convert @2 and the R/W line into
NRS and NWS (NOT READ
STROBE and NOT WRITE
STROBE). Processors like the Z80
ciready have these as RD and WR,
and thus do not require |C3 to be
jitted.

The decoding section is very
similar to that used in all other
recent Microtan designs. 10 is the
only non-standard signal, and this
is decoded with A3-A9 inclusive to
produce 128 eight byte addresses,

e 7 shows the internal
ram of the converter,

ircuit is designed on the

any 8 of the 128 being available at
any one time. The remaining three
address lines AO to A2 are used to

START
CONVERSION %CL’%(
(s€)

I—E:ONVEH_'ILTP(—_J,___ —‘

' | END OF
| | CONTROL AND + ) CONVERSION
b ] TIMING LOGIC ] (EOC}
=l | B T
& 8 CHANNEL | |
S O———ULTIPLEXING | |
go ANALOGUE DIGITAL
Sz SWITCH I OUTPUT
<L
z2 o1 SAR ————0 D7
2 |
o O | i —

I
| comPARATOR OUTPUT
/7 | LATCH AND =0
- DN | BUFFER [0
o S
R 7 l |
| — 5

1 i — .,
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O———— DpecopER I A i
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' :
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Fig. 1 Internal block diagram of the ADC0808. 3
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Fig. 2 Circuit diagram of the 16 channel! [ [ o ov

select the input channel for the
converter. Setting the address of
each converter is accomplished
with DIL switches SW1-4 and with
links between G0-G7 and EO, E1.
SW1-4 set up the overall addresses
of the 8, eight byte blocks and the
links are used to select the in-
dividual block of each converter
within the overall address. For
example, setting SW1-4 to 1, EO,
to G., and ET to G1 will give us an
address block 16 bytes long,
BCO0O to BCO7 for ICT and BC08-
BCOF for 1C5 (48128 to 48135
and 48136 to 48143 inclusive.)

Construction

Before commencing construc-
tion you should decide which of
the various circuit options you
wish to include. IC3 may not be
needed depending upon the
MiCro-processor you are working
with, and R1, R2, Q1, and Q2 will
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HOW IT WORKS

Since the operation of the circuit is quite
well covered in the section on program-
ming and elsewhere, we will devote this
section to the ADC0808/9 itself.

There are three main elements to the
converter the successive approximation
register iISAR!, the comparator and the
resistorladder-switchtree arrav. Inaddi-
tionthereisa10f8 analogue multiplexer
to select the input signal, timing and
control logic, and tristate data buffers,
which as a whole form the data acquisi-
tion circuit.

The SARisresetonthe positive edge of
thestart conversionpulse, andif another
SC signal is applied during an incom-
pleted conversion the current conver-
sion will be aborted in favour of the new
request. Continuous conversion cycles
can be obtained by tying the end of con-
version (EOC) output to the SC input,

The analogue signal, 1 of 8 selected by
the multiplexer, is fed through to the
comparator. this comparatoris respons-
ible for the accuracy and repeatability of
the converter and the 0808/9 uses a
chopper stabilized technique to achieve

the specified stability and accuracy. The
other output to the comparator is from
the switch tree and is equivalent to the
previous approximation to the input
signal. The comparator first converts the
DC input signal to an AC signal then
boosts this through a high gain AC
amplifier before restoring t%le DC level.
Thus any DC drift component of the
input signal is filtered out at this stage,
prior to the actual conversion taking
place.

The output of the comparator is then
fed to the SAR which in turn controls the
nextoutputfromthe switch tree. Thus on
each successive iteration the output of
the switch tree is fed back via the com- |
paratorto the SAR to form the nextitera- |
tion. On the eighth iteration the output
will be within %2 LSB of the ideal value.

Data is then available at the outputs,
after taking OF low, Overall timing of the
conversion is conlrolled directly by the
clock input, which should be hetween a
minimum of 10KHz and 1.28MHz
maximum.

i
j
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PROJECT : 16 Channel A/D Converter

RO

not be needed if you plan to use
interrupt driven routines. Provision
has been made for the inclusion of
various input filter and attenuator
components on the board, and if
none is used you will have to insert
links in their place. The standard

. arrangement is a simple 1k series
resistor but a number of possibili-
ties exist and a few examples are
given in Fig. 4. Since every applica-
tion is different it is not possible to
cover every requirement, and you

—
— (0
—— 10
———s A0
——— A2
—— 54
[ A8
= R /W
——= D0
= )]
——— D2
——a D3
— D4
———t=-D5
——= D6
—— D7

s may find it necessary to experi-
- ave I ment a little here.
BEEEE585 .. = a As with previous projects, a
3 Fitl. I < double sided board has been used
= 2] Snomanciy 5 but without plated through holes.
o = Al g This helps to keep the cost down,
. 2 . T e e S but it does mean that a lot more
& e care has to be taken in the con-
. o g struction. The positions of the
o e through board links are shown on

the component overlay drawing,
Fig. 3. Sockets have been specified
for all the I1Cs and should certainly

el Y i 2 be used for the A/D converters at
| G =4 least because these are CMOS.
Sime

The DIL switch could, of course,
be replaced with wire links, and

e whilst the switches are preferable
N they are certainly not cheap.
——- e, With the assembly complete,
3 od | the next stage is the programming.

PRV OUUUOUTT

To initiate a conversion of a

PO AR i i v s 22 - - specific analogue channel a write
" ' operation on that address must be
FALES e oLl tl —o performed. This could be, for
s —-0‘ *r -
Fvri—a——al s B S | | g—————t !
AR & S _ PARTS LIST_____
[ i - * - - -|, .
W = Resistors
| i L EB R1, 2 3k3 %W 10% (see
® ,]_ o text)
o e e — Capacitors
f— ._1 ! 1 10u 16V radial
C2,3,4 100n ceramic
<
; Semiconductors
T Y . 7 117 IC1,5 ADC0808 or ADC-
* A ‘5— - LL] .f 0809 (see text)
F2 Co 3 il IC2 741502
i . % . i Lol " 1C3 741500 (see text)
.- -— -1] Ic4 7415138
.o - >~ . IC6 74LS830
. s - ..L 1C7 741504
b *e 1C8 7415245
Q1,2 BC184, BC109 etc
(see text)
Miscellaneous
Hoxlglxan%’\z‘m DIN 41612 64 way indirect edge connec-
tor; 20 way male PCB header and match-
ing IDC socket; PCB; 4 x 14 pin DIL
sockets, 116 pin, 120 pin, and 2 x 28 pin
sockets; DIL switch, quad SPDT; ribbon
= i cable, input filter components, elc.
—____BUYLINES_____
Fig. 3 Component overlay of the PCB. Technomatic can supply the ADC0808
and the DIN indirect edge conneclor,
The blo.(:l'(-s marked A’ b, C’.D’ E, and F and the 20 way IDC connectors are avail-
are positions where input filter compo- able from Ambil. Nothing else should |
nents may be inserted. If none are cause any problems, and the PCBis avail-
used, links should be inserted in posi-

tions A and B.
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able through our PCB service, see page ’
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example, POKE 48128,0 in BASIC
or STA BCOO in assembler. This
latches the address and pulses the
SC input via IC2 starting the con-
version on that channel. Assuming
for the moment that the system
clock used is 750 kHz and that the
EOC link has been omitted, then
we must wait for 80 us before the
converted data is available on the
data bus. It is a simple matter then
to read from the same address as
before to obtain that data. For
example DATA = PEEK (48128) or
LDA BC0O. The OR gate IC2
makes sure the decoded signal EO
or E1 and the NRS (RD) are both
low before pulsing the OF input of
the converter and enabling the
tristate buffers. In fact on the
authors system the time delay
associated with BASIC means that
PEEKing immediately after POKE-
ing the required channel address
works well, eg

10 POKE AD, O

20 DATA = PEEK (AD)

30 PRINT DA

40 GOTO 10
By connecting the EOC link the
need for the time delay routine
can be avoided. In this case the _
EOC signal is used to pull the IRQ
line low on the processor causing
an interupt, which must be han-
dled in the normal manner with an
interupt service routine. Such a
routine is difficult to implement in
BASIC but is very simple in
machine code or assembler. One
particular point to note if using this
technique is the EOC delay time,
which is the delay before EOC is

reset after a new SC signal is sent.
It is important therefore that
interupts are not enabled before
this time has elapsed. Figure 5
shows the timing diagram for the
converter,

Applications

The most common use of an

A/D converter is simply to measure
a voltage generated or controlled
by the equipment under observa-
tion. The voltage transducer may
be anything from a strain gauge
amplifier to something as simple
as a variable resistor acting as a
potential divider. This latter case is
an example of a ratiometric type

CLOCK

L

START

e

- TwaLs

X ADORESS

— tg -ty

ANALOGUE INPUT
STABLE

4%

. 3 ame——
COMPARATOR X

INPUT
INTERNALI

e

OUTPUT ENABLE I

EDC

R T

- N
‘eoc

OUTPUTS I

Fig. 5 Timing diagram for the ADC0808|.J

L=

o CURRENT
INPUT O——AAA— TO ADC CIMIT
R
A/B
INPUT TO ADC
ATTENU,
RS DIF ATER
i
A/B
INPUT TO ADC
R
CURRENT TO
RS CIE VOLTAGE
CONVERTER
AlB
INPUT D—W\Tv TQ ADC

FILTER

R
c DIF
JJ;

Fig. 4 Input circuit arrangements.
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SYMBOL PARAMETER MIN TYP MAX
Tws. Minimum Start Puise Width 100ns 200ns
Twalr Minimum ALE Pulse Width 100ns 200ns
t Min Address Set-Up time 25ns 50ns
th Min Address Hold Time 25ns 50ns
t Analog MUX Delay Time Tus 2.5us
from ALE
tioy EOC Delay Time 0 8 clock cyc
+ 2.0 us
teon Conversion time 90us 100us 116us
f: Clock Frequency 10kHz 640kHz  1280kHz
=
_csv_L_
Vee
378V | cer ol
A AU iz
;—4—4 ZD Lmats Sour
v
. L AL o
1.25v
AEF— LSB
Ag

Fig. 6 Ratiometric conversion
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—eeeee PROJECT : 16 Channel A/D Converter

of transducer, where the input
being measured is expressed as a
percentage of full scale which is
not necessarily related to any
absolute stangard. This type of
transducer has several advantages,

the supply voltage itself is more
than adequate. )
The ratiometric conversion

technique equation is

particularly in low cost systems Vin B Dx
since the need for a highly stable Vfis—Vz  Dmax — Dmin
and accurate reference voltage is
reduced, often to the point where
> =
+
MSB |
Yaers
W+ O———  Vpggp —_— T
———
Qour
—_— N
J_ REF— Lsa -—-—|
GND }'
ADJUST
Ve SUPPLY Vee
MSB
VREF VREF+
e [N
—_—
Tour
— INO
[_ REF- LsB
> GND
Fig. 7 Possible circuits for ground 5
referenced systems.
Vige
REF+ M5B
g r IN7
RATIOMETHRIC
TRANSDUCER
Bour

|

Fig. 8 Example of centre referenced
systemn.
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REF—

GND

LS8

ADCOBOB

where

Vin=input voltage into the
ADCO0808

Vfs =full scale voltage

Vz =zero voltage

Dx =data point being measured
Dmax = maximum data limit
Dmin =minimum data limit

Applying this equation to the
potentiometer example shown in
Fig. 6 we get

Vin
out = —— =
Q Vref

Vin
Vce

where 4.75V Vcc = Vref 5.25V
and the Qout is the 8 bit digital
output.

The most obvious example of a
use for the potentiometer as a
transducer is a position encoder,
which could be a joystick ora
rotary shaft encoder on a robot
axis motor. In fact the uses for
such a transducer are almost end-
less and similar ratiometric trans-
ducers include thermistor bridges,
pressure transducers, etc.

Some applications require the
measure to be made with refer-
ence to an absolute standard
voltage or current, There are two
widely used methods of reference
conversion, ground referenced
and centre referenced. In each
case there are numerous ways of
producing the supply and refer-
ence voltages, and examples are
shown in Figs. 7 and 8.

Z80 Conversion Notes

As mentioned in the introduc-
tion, the modifications necessary
for the Z80 procesor are very
straight-forward. |C3 can be omit-
ted and the RD and WR lines
directly substituted for NRS and
NWS. There are no write opera-
tions involving data valid for this
board, and FIR on IC9 (pin 1)
should be connected to an inver-
ted RD or taken permanently high.

A0 to A7 inclusive are identical
but in the Z80 case must be used
with the IOREQ line to decode an
output address. The simplest way
to achieve this is to substitute AQ
— A7 directly, IOREQ for A8, and
tie A9 and 10 permanently high.
This obviously means SW4 must
always be in position 2, and SW3
in position 1. The master clock,
pin 10 on IC1 and IC5 should be
taken to any TTL clock of a suit-
able frequency i.e. between 10
KHz and 1.2 MHz. A 4 MHZz sys-
tem clock divided by four with the
aid of a 74LS74 would prove

suitable.
ETI 23
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The Mﬁ@f PLUS »
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in the woﬁ& ‘to form a Single

s.s&ew

Board GompatermBC) ' M:

Packedina tic bookcase
fogether with three
comprehensive | mam}afs and
power supply (to BS3651

standard), the MPF1 PLUS is a sysfémgamema!sw

microprocessor learbiab tool for
every app[rc&ffo?:ﬂ -

FLI GH

mC&L’fd

CSayside Rd, Seutfzamﬁ;@m Hant

.4&
G
:
-
ém
%&8

@s\@s&

P e

! e §s: .
i

e

Kns

a teaohiﬁgté@ﬁb@

awaf!

Méméﬁd
yand

croproce

js the MPF1 PLUS
with the
le accessories it can

gbge used as alow-cost

;N wafsg
' ~ devel

Qrfen&tw?gr&mpfy fa:}

dware ofa

THE MPF1PLUS

Just look at the specification:-

Technical Specification

CPU: Z80A - 158 instructions
Software:

® 780/8080/8085 machine code

® Z80 Assembler, line and 2 pass.

® 8K BASIC interpreter (Extra)

@ 8K FORTH (Extra)

ROM: 8K Monitor (full listing and
comments,

RAM: 4K CMOS (2 x6116)
Input/Quput: 48 system 1/0 lines
Speaker: 2.25" coned linear

Display: 20 character 14 segment green
phosphorescent

Expansion:

® Socket for 8K ROM

@ Cassette interface

@ Connectors 40 way, complete CPU bus
Keyboard: 49 key. Full “QWERTY" real
movement good tactile feedback
Batteries: 4 x U11 for memory back-up
(batteries not includeq)

Serial Interface: 165 baud for read/write
via audio cassette

Manuals

1. User's Manual. 8 chapters.
1. Over view and Installation.
2. Specification (hardware and
software). 3. Description of
Operation. 4. Operating the MPF-1
Plus. 5. 44 Useful Sub-Routines.
6. The Text Editor.
7. Assembler and Disassembler.
8. System Hardware Configuration.
2. Experiment Manual. 16 experiments.
3. Monitor Program Source Listing with
full commenting
4. Alsc available the MPF-1 Plus Student
Work Book (self-learning text).

Accessories

PRT-MPF-1P: 20 character printer.
Ready to plug in. Memory dump.
EPB-MPF-1P: Copy/list/verify
1K/2K/4K/8K ROMS. Ready to plug in.
SSB-MPF-1P: Speech Synthesizer.
Inc. 20 words and clock program.
1200 words available.

SGB-MPF-1P: Sound Synthesizer
Board.

1/O — MPF-1P: input/output board

! Yes! I now realise that | need an MPF1 !
\ PLUS and that itis the lowest cost 280
) SBC available with all these features.

' I enclose £165.00 (£140.00 + £21 VAT
plus £4 carriage). Overseas P.0O.A.

Cheques payable to

FLIGHT ELECTRONICS LTD.

' (-
Please debit my 0 0

|
1

1

1

1 Barclaycard/Access

1

I T

'

Account No
' An invoice will automatically be sent
1
I Name.__

: Address

Signature
Date

g,( _________ £n,




MICROTANIC COMPUTER SYSTEMS LID.

MICROTAN 65 #0 orwer coMPUTER (5 AS PERSONAL!

FLEXIBLE & EXPANDABLE SYSTEM — 1K to 256K! mm” WoRLD |

For less than £60 you can start building your own Computer
that truly suits your needs and, of course, eventually far more
superior to any Computer available off-the-shelt

MICROTAN 65 comes in kit form, complete with manual, full
instructions, board with components, (kit form or fully built)
our full back-up service, and your own Microtan World
Magazine available on subscription

2
\ Board with components
Y (built or kit form)

1
Your
Binder

CROTAN COMPUTER SYSTEMS LTD Also available from:

Waltham Forest Computer Centre

SHOWROOM: 18 UPLAND RD
DULWICH, LONDON SE22
TEL:01-693-1137

Just look at the options:

1 DISK CONTROLLER 7 MASS EPROM STORAGE BOARD
2 REAL TIME CLOCK 8 INDUSTRIAL CONTROLLER BOARD
3 EPROM PROG CARD 9 40K RAM BOARD
4 SOUND BOARD 10 HIGH RES. GRAPHICS 256x256
5 SERIAL 10 BOARD 11 PRINTER FACE BOARD
6 PARALLEL 10 BOARD 12 ASC11 KEYBOARD . m
=
= FULL RANGE OF SOFTWARE )
== Languages available: Machine Code, Microtan

889 Lee Bridge Rd

Tel: 01-520 7747

[ s

put:

—

BUILD

AS YOU
LIKE!

Full
instructions
manual

Nr Whipps Cross, Walthamstow E7

=== Assembly, Basic, Forth, Wterts) Rifeerving

7 HOW TO ORDER:
f

Enter details in the coupon belaw, gnclosing
your cheque made payable ta: Microtanic Com-

p&p. Please allow 14 days for delivery

AS FAST (Please tick)
OR SLOW

R By i i

and Pilot

er Systems Ltd. Prices include VAT add £1.50

Post to:

MICROTANIC COMPUTER SYSTEMS LTD
I 16 UPLAND RD. LONDON SE22
TelNo. 01-693 1137

Please rush me my starter kit:

3 kit form — 1 will build myself £69.95
O Fully Buitt £69.95
O Compleie system wall chart

I enclose my cheque/P.O. for £

Name .

Company ......

Address

Tel (Day
Tel (Eve)

TOROIDAL

The toroidal transformer is now accepted as t
overtaking the absolete laminated type, Indu
recognise the advantages toroidals offer in size
field and, thanks to |.L.P,, PRICE,

Our large standard range (s complemented by our
section which can offer a pretotype service wit
with a short lead time an quantity orders whict
to your réquirements with no price penslty.

STEEL DISHED

SECONDARY
WINDING

INSULATION

PRIMARY
WINDING

WASHER Aﬁ:
o -
OUTER S

INSULATION—'};‘I

NEOPHENE
WASHERS

1BVA 50 VA
B2 = 34mm 0,35k B0 x 35mm 0.9Kg 90 x 2 o .
Ragulation 18% Hegulztion 13% l:\lh\:- il TlﬂfOE#? & ight t
- Srmaller size & weight to meet
55“'55 55’-“?“"1"‘3"“‘ c:::“ maodern ‘slimling’ reguirements,
gl *  Low electrically inducad
DaB0 B+ 25 . 2
oo N6 noise demanded by compact
l’_\l'?lg {IE"j equipment,
:_":E::; ‘1':-‘ *  High efficiency snabling
ox015 034 conservative rating whilst main-
016 030 240039 ) . w@ining size advaniages.
x0T 425 240135 240 ' *  Lower operating temperature,
tencased in ABS plastic) D VA
. < 160 VA
30 VA 50 % 30mm 1Kg 110 % 40 I Why ILP?
) 10 % 40mm BKg Y.
70 % 30mm 0.45Kg Regulation 12% e e o 18 % & 5 ; <
Reaulstion 18% i i Fegulation 5% Ex-stock delivery for small
quantities,
::3[? * Gold sarvice available. 21 days
I*D:«; manufactura for urgent deliveries.
Ll * 5 year no quibble guarantes.
1015 *  Reatistic dalivery for volume
::ﬁ}? 050 . orders,
- * Mo price penalty for call off
s : orders.
Prices including P&P and VAT Mail Order — Please make your crossed .
VA Size £ VA Size € cheques or postal orders payable to | LP Post to: |LP Electronics Ltd., Dept, 2
15 0 679 160 5 1167 Electronics Ltd Graham Bell House, Roper Close,
gg 12 ;gg ggg ‘75 Sg‘; Trade — We will open your credit account Canterbury, Kent. CT2 7EP
80 3 964 500 8 1930 |mc;ned|atelv upon receipt of your first Tel: (0227) 54778 Telex: 985780
120 4 1051 625 9 2262 Qe

For 110V primary insert “Q"" in place of “*X’* in type number
For 220V primary (Europe) insert "'1"" in place of '*X'’ in type number

For 240V primary (UK) insert 2" in place of "'X’* in type number VISA
IMPORTANT: Regulation - All voltages quoted are FULL LOAD

Please add ragulation figure to secondary voltage to abtain off load voltage.
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FEATURE

MACHINE CODE

PROGRAMMING

Is relative addressing an example of keeping it in the family? This,
and other questions, will be answered in the third part of our
series on Machine Code Programming, written by Bob Bennett.

mode examples, but before | give any more |

would like to explain a couple of things. First,
whenever possible, [ will give other CPU direct
equivalents to the Z80 instructions, but | can't
possibly mention every CPU. What | hope to do is
make it possible for you to recognise your own patr-
ticular CPU instructions. To help you do this, don't
pay too much attention to the name of the addressing
mode, but rather what happens because of the
instruction; different manufacturers have, at times,
used slightly different terminology to describe similar
actions. The second point is that every example | will
give the hex code first followed by the mnemonic
thus, 00h — NOP.

Although machine code doesn’t use line numbers,
the BASIC statement GO TO 100 has a very near
equivalent in machine code, but the comparison can-
not be taken too literally. These equivalents are the
jump or branch instructions, part of which form the
relative addressing mode. In this mode the instruc-
tions are two bytes long, the first byte is the function
and the second is the offset. The Z80 instzuction set
the straightforward jump instruction code i ¥
JR,e, or jump relative by J‘e 2McUR
byte e. Why relative? Well, ti
indicates a destination Tor me J: !
current program position.

Because the offset is only one byte, the maximum
jump is 255d (d = decimal) or FFh locations. but in
which direction? The numbers 0 to 255d are pe
so a forward direction is indicated; this
blem of going backwards. No sweat, the answer lies
in the use of the 2’s complement. Never heard of it?
Don't worry, all will become clear.

Take the maximum range of a byte, D 1o 25
split it; the first section, O to 127d (7Fh! are
ward or positive range. The second step is
might get confusing so watch it carefully: the n
that are left from 128 to 255d or 80 to Fi
because we need a backwards, or negative, direction,
the decimal numbers now range from —128 to —1.

Remember that [ said you would neea a
knowledge of the binary system? This is where it comes
in handy. The binary equivalents of the decimal num-
bers 0 to 127 and 128 to 255 are 0000 0000 to 0111
1111 and 1000 0000 to 1111 1111 respectively. A
closer examination shows that, throughout the first set
of numbers, but 7, the leftmost bit, is 0; and
throughout the second set, bit 7 is 1.

This makes it possible for bit 7 to be used as a sign
oit: reset, or O, for positive; and set, or 1, for negative.
To zet the value of the offset byte is easy. Counting
ihe bvte after the offset byte in the program as zero,

ETIDECEMBER 1983

I-ast month | gave a couple of CPU addressing

count backwards or forwards until you reach the des-
tination for the jump, as shown in Fig. 6. Another
method would be to take the destination address, and
the zero address, take the lower from the higher, and
add the sign accordingly.

——

PROGRAM LOWER ADDRESS

—

—128 MAX =80 HEX

—

FUNCTION BYTE

BRANCH
INSTRUCTION
OF FHSET 18iY e = —1 256—1 =255 = FF HEX

ZERQ COUNT ADDRESS
T ] — 1=01 HEX
INSTAUCTION —

HIGHER ADDRESS

+127 MAX =7F HEX

\ §

e

Fig. 6 Counting the value of the offset byte.

%wume that you have counted 100 places back-
wards; Fig. 7 shows what happens next. Alternatively,
it @u subtract the backwards count from 256d, the
answere is a decimal number equal to the 2s comple-
ment, which you then convert to hex.

Binary

0110 0100 = 100 decimal (ignore sign)

1001 1011 = | s complement i.e. change is | s to 0 and vice versa
1 addi

1001 1100 = 156 d or 9C hex, which is the offset byte value

L—-————P Bit 7 is set which means a negative count

Fig. 7 2’s complementing a backwards (negative) count.

Some CPUs do not have a straightforward relative
iump/branch in the instruction set, but some do sup-
port the conditional relative jumps/branches. This is
similar to the BASIC IF X = 0 THEN GO TO 100. The
Z80 instruction 28h — JR Z,e means jump relative if
the zero flag is set, by the amoung of the offset e. The
6502 code is FOh — BEQ which means branch when‘
zero flag set. Usually'most of the flags can be used in
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the set or reset condition for relative jump or branch
instructions.

Absolutely So

Although the relative jumps and branches are
sometimes of great help in a program, their range is
rather limited as | have shown. To get further afield
requires slightly different techniques, and different
instructions of course. This set of instructions require
an absolute destination, or address, to be specified in
the instruction. For those of you who like analogies,
relative addressing is like saying ‘go to the third house
past the church’ and the absolute equivalent is ‘go to
31 Church Street’. This type of jump or branch is only
a part of the absclute addressing mode instructions,
but for now I'll deal with jumps.

Because, in theory, the whole of our 64K memory

FIRST STEP: divide decimal address by 16
1,875
16 [30,000 remainder0 =0 x units
SECOND STEP: divide this by 16
117
16 11,875 remainder3=3x16
THIRD STEP: divide again by 16

7
16 1117 remainder5=5x 16
As the result is less than 16, we stop therefore 30,000 decimal =
7530 hexadecimal

Fig. 8 One way of converting decimal to hex.

is reachable, the addresses will have to be in two
bytes, so the total bytes for absolute addressing is at
least three. There are special cases that require just
one byte, and some that need four, but I'll cover
them later. Let’s assume for now that we need to jump
unconditionally to address 30,000d; Fig. 8 showns
how to prepare the decimal number into the two byte
hex number we need.

780 PROGRAM 8502
'_-'-_~l—l-."‘--‘--\|_-_q ety

T TP

c3 4c

30 q — s 30

30000

75 . e 75

L —~—  ———

Fig. 9 Absolute jump instructions.

The Z80 instruction C3 — JP pq, where pq are the
address bytes, and the 6502 instruction, 4C — }J,MP
are both examples of jump in the absolute mode. Fig.
9 shows how both examples would be used in a pro-
gram, when the destination was address 30,000d.
Note that the low byte of the address goes straight
after the code for jump; please accept that this is so
for now, and I'll explain more later on.

In some of the instruction sets the flags status, or
condition, can be used just as in the relative jumps.

Leaving the jump/branch instructions let's have a
look at some more absolute instructions. The Z80
instruction 3A — LD A, (pg) means load the A register
with the contents of the address pq. Note the use of
brackets in the mnemonic; without them the instruc-
tion would mean: load the A register with the two
byte number pqg; two into one won't go! To get the
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number in the A register into the address pq, the
instruction in the Z80 setis 32 — LD (pq),A.

This mode of addressing need not be restricted to
a single register; a Z80 example is 2A — LD HL,(pa),
where the byte in pq is loaded into L and the byte in
pat1 is put into H. If you forget which byte goes
where, just remember H for high (byte), and L for low;
using the DE pair, the high byte will go into register D.

STACK

"-‘—'—l—_._‘__‘_.__._,.a‘ﬂ
EMPTY EMPTY EMPTY
EMPTY EMPTY EMPTY —5P
EMPTY EMPTY —SP H=75
1 EMPTY -5P L =30 L =30
—_—

Fig. 10 Pushing the number 7530hex in the HL pair.

Those of you with Sinclair micros may have
noticed, in the manual appendix dealing with the
character set, the words ‘after ED’ or ‘after CB’ etc.
This is where a four byte absolute instruction may be
found, and is explained as follows. The instruction 4B
in the Z80 set means LACE, but after ED means LD
BC, (pq). Fig. 10 shows how this is used in a program.
The use of ED and CB, etc,, is very similar in principle
to the use of shift keys, where one key with shift has a
different function to the unshifted version.

A Direct Extension

This section should explain, in part at least, some
of the differences in terminology that | mentioned
earlier. In one book | read a few weeks ago, the author
gave an example of absolute addressing, using 3A —
LD A, (pq) for the Z80 set. He went on to say that this
mode is sometimes called the direct or extended
mode. As the 6800 set uses both of these modes I'll
give a couple of examples.

In the direct mode, the instruction 96h is con-
cerned with loading the accumulator with the byte
held in an address, but there is only one byte used for
the address. This is because the high byte of the
address is supplied by the computer automatically,
and the byte is 00. So, when the computer meets the
instruction 96,FF, it interprets it as meaning Ld A, (pq),
where pg is 00FF. An example of the extended form
from the 6800 set is 87 — LD (pq),A where the two
bytes pg must be put in by the programmer. As a last
example, I'll use the 8085 set; in that set 3A — Ld
A, (pqg) is considered as being in the direct mode.

Now for a little bit more explanation of terminol-
ogy. That 6800 direct mode example | gave above is
sometimes called zero page addressing, or some-
times, abbreviated absolute form. No matter what it is
called, it still works in the manner that | have des-
cribed. Those of you with a 6502 can use zero page
addressing, which simply means the first page (of
RAM) runs from addresses 0000 to OOFF. All you
have to do as a programmer is specify the low byte of
the address from 00 to FF, and the computer adds
the 00 automatically, as already explained. Now you
can see that it does help to known how your com-
Euter has its memory mapped out. A computer that

as ROM starting at address 0000 cannot use zero
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page addressing in the form Ld (pqg),A, because you
cannot write to ROM.

Pop Goes The Weasel

In the instructions that I've already covered, the
two bytes, pg, have been used as an address. Later on
| will be giving addressing mode using pq as numbers,
but for now more explanations. These explanations
concern not only what has gone before, but what is
vet to come. Firstly, let us recall the stack pointer
register, SP, as we'll be looking at this in rather more
detail.

As you will recall, the stack is a portion of RAM
which the computer reserves for its own use, and, like
the variables area, the size can fluctuate. The stack is
used to store two byte addresses or numbers, either at
the command of the programmer, or as part of a com-
puter controlled sequence. Curiously, the stack is sort
of upside down, with the latest piece of information
going on top of the one before, which makes for a iast
in, first out, situation.

To help you understand the stack, and the
manipulation of pg, | am going to use two single-bvte
instructions. These are the PUSH and POP, or PUSH
and PULL instructions. Because pq takes up two bytes
push and pop concern register pairs. The Z80 set
allows the push and pop of every register pair (see

art one of this series) and also allows the A register to
e paired with the flags register, F, for this purpose.
Don't be misled, though: the use of the AF pair allows
only A to be loaded (with any number up to FFh), but
you can’t load the F register.

Using the HL pair to make things clearer, the Z80

instruciton EF — PUSH HL will store the contents of
HL on the stack. See Fig. 10 while following the
explanation. Supposing HL contained the number or
address 30,000d or 7530h before the instruction E5
— PUSH HL was encountered by the program. On
reaching E5 the stack pointer will be pointing to the
next empty address available on the stack. First the
low byte in L is copied into that address. The stack
bointer, sp, is then decremented (by one) and the
righ byte in H is copied into the new address pointed
to by SP. The register is decremented again so that it is
now pointing to the next available address.

The reverse happens on the pop instruction which,
in the Z80 set is E1 — POP HL. This instruction will
increment SP (by 1), the byte in the new address is
copied into H; SP is incremented again, and the next
byte goes into L. Now SP is pointing to the next avail-
able address on the stack.

The 6502 set allows the pushing and popping of
only two single registers onto the stack. These are the
accumultor and the status register; for example, 48 —
PHA copies the contents of the accumulator onto the
stack. Notice that | keep saying copies onto the stack:
this is to emphasise the fact that pushing does not
destrov the contents of registers.

The final couple of points will be of interest to Z80
users mainly. If you have pushed a sequence of regis-
ter pairs onto the stack, before popping them off again
remember the last in, first out rule. Having said that,
what happens if you push HL then pop DE? With that
question, we'll leave you pondering until ETI pops
through your letter box next month . .. ETI

Do you know anybody who can buiid a Digital Pulser for only £18.02?

The answer is yes —its YOU !

—

Gr1on
*0aq,

I‘((fﬂl!
Lt fons,
.% ARt |
|
]

and an operating manual.

With GSC’s new DPK-1 kit, you can build a sophisticated portable test
instrument for stimulus/response testing. It automatically delivers just the
right signal for whichever logic family you're using ~ and it's egually suited Manual
to single pulses or pulse trains at a frequency of 100 per second.

The tully featured DPK-1 kit includes all components, leads, circuit board
and case ~ and is supplied complete with detaiied assembly instructions

Get rid of your digital hang-ups; send off for @ DPK-1 straight away

GLOBALSRECIALTIES CORROBANIIN :_ GLOBAL SPECIALTIES CORPORATION (UK) LIMITED, DEPT. 9X

Iinit 1. Shire Hili Industrial Estate, Saffron Walden, Essex CB11 3AQ

Easy to foliow
Instruction

Meny mmm@F

N7
with every ’

Kit

|
|
| DIGITAL PULSER "£22.42 Quantity ggtralf(l)?gii
I KIT DPK-1 (inc. P& P & 15% VAT) | Read. tick box[]
G.S.C. (UK) LIMITED ;
UNIT 1, SHIRE HILL INDUSTRIAL ESTATE | Name Address
SAFFRON WALDEN, ESSEX CB11 3AQ ] ECMOB
Telephone: Saffron Walden (0799) 21682 |
Telex: 817477 )
: | enclose PO/Cheque for € or debit my
} Barclaycard/Access/American Express. No, exp date
|
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PROJECT

/X BURGLAR

ALARM

Why let intruders POKE around at your ADDRESS when you
could get them on the RUN with this natty little unit? Designed by
Declan Ciaran McMahon.

security system will monitor

up to eight remote switch
positions each of which can be
either normally open or normally
closed, allowing you to use any
combination of pressure mats,
magnetic catches, window foil or
other devices as the sensors.
When triggered, it immediately
sounds an alarm and then displays
the number of the affected input
on a seven-segment LED. It can be
used with either the ZX81 or the
Spectrum and quite aside from its
value as an intruder alarm it pro-
vides a useful introduction to the
techniques of microprocessor inter-
facing using machine code and the

T his microprocessor controlled

53]

Z80 Parallel
troller.

The Z80 PIO consists of two
groups of eight lines, port A and
port B, and each line can act as
eigher a data input or output. If
the IN instruction is used, the data
on those lines defined as inputs is
loaded into the accumulator. If the
OUT instructicn is used. data on
the accumulator is latched onto
the output lines. The PIO can be
programmed to act in any one of
four modes:

[nput/Output Con-

Mode 0 — Output mode
Mode 1 — Input mode

Mode 2 — Bidirectional mode
Mode 3 — Control mode

Rz R13-16
104k ALL 10k

The first three modes require
the use of the handshaking
facilites and so for this design the
much simpler control mode has
been used, allowing easy input
and output of data to and from
both eight bit ports on the PIO.
Port A provides the eight inputs
from the sensing switches while
port B is split into four inputs and
four outputs, the inputs being
used to enter data while the out-
puts feed the seven segment dis-
play. An eight bit word is entered
via port B into the register which
tells the microcomputer which of
the input lines should be high and
which low (corresponding to nor-
mally open and normally closed

R17-24
ALL 10k

AC
MAINS

/m 1€

+

i — 10000

“ L 16V _Lca c3

Shhn

"4 - - -
N i c7
=
1004 § ; BAT 07 =—0
> 3 PAB DETO
7 FiN 14 il PIN 16 (o0 A s 28
icz c3 2 E T D bas b )
0015 PA D30
TR el A B0
N b PAT DVf——0
L 15
7 SEGMENT LED L F Leoc o polHE o
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IC1 1S 7805 w SOy Gy
IC2 IS 7408 ,// / 1ca
1C3 IS 7447 o |
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D1,2 ARE 1N4001 ALL 4708 TO ZX81 0
D3 IS 1N4148 al2]= ﬁ]g bed 15 f SPECTRL &
Q1BD121 = 3 34 =8 FEbae
12 . PB7 BIA =0 | connecToR
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L G A\ E72 plies /b —0
¢ | 31 ona —la
iy 72 1] 2] & [ A CE—0
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A2 A8 - 4
Pl MAGNETIC g
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sSw2 SW3 WINDOW FOIL,
ENTER 7777 Low ETC. 35
RO )
s 3 391 sy
—
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PINS58 L5
Ic3
I -0 OV

Fig. 1 Circuit diagram of the burglar alarm.
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Fig. 2 Overlay diagram of the PCB.
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switches respectively). The con-
tents of this register are then con-
tinuously compared with the
inputs to port A and if any dis-
crepancy is discovered a ‘9’ is sent
out to the display. A timing loop,
formed by loading a high number
into the registers H, L, and then
successively subtracting one until
the result is zero, ensures that the
nine is displayed for at least a
second or so, after which the num-
ber of the affected input is dis-
played. An AND gate monitors the

A and D data lines into the display
driver and thus goes high when
the 9 is output, the delay ensuring
that it remains high long enough to
latch the relay and thus sound the
alarm.

Construction
Most  of the components,
including the relay and the

transformer, are mounted on the
PCB, the only off board compo-
nents being the switches, the LED
display, the edge connector to suit

either ZX81 or Spectrum, and the
siren or other output transducer.
Make sure that all four 1Cs are
inserted the right way around, and
similarly check the electrolytic
capacitors C1, C4, and C7, and the
diodes. Provision has been made
for the use of connectors for the
LED display and the input lines but
if you prefer you can, of course,
solder directly to the board. It is
intended that the relay should
switch a siren or similar device
which draws its power from an

SPECTRUM ———= 12V +12V —bV NC
e | | |
= | =
TOP
i | ] |
¥ |
| = Q Q N
T w | = (< g | |F 3] |
| @ Iw o % |— & | u 1—' = s
e ol |l = b |3 |« x T |z | lE [ o w |
2= g kiElzBERBIERIEEIEIE 3 38288528, 5|z 5|
=< [ ]
| 23 22 219 20 19 18 17 16 15 14 13 12 11 10 9 8 7 ] 5 4 £ !
Cn 2] ¥ w = w P ] m L=} = o i) o Ty ™ o L = -4 > > . 4 Q (U] ~N < ]
< Q 3] < < < < < < i 2ye = - = < = < < T =3 w i} - -
< < = < =
I § g ! < < < o % : < <
@ | =1 |
m o
L
L | BOTTOM % |
o | O O | —
5 9 u VvV ¥ VD OV o -«———— SPECTRUM
w
w3 £

23 WAY FOR ZX81 ~— KEY AT POSITION 3
28 WAY FOR SPECTRUM —KEY AT POSITION 5

Fig. 3 Pin connections of the ZX81 and Spectrum expansion ports.
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—. PROJECT : ZX Burglar Alarm

Miscellaneous
T1

SW1,2,3,4

RLA1

suit

PARTS LIST
Resistors (all AW, 5%)
R1 4k7
R2,4,5,6, 470R
7,8,9,10
R3 330R
R11,12,13,14, 10k
15,16, 17, 18,
19, 20, 21, 22,
23, 24
Capacitors
1 1000u 16V
electrolytic
C2,3 100n
Cc4 22u 16V
electrolytic
C5,6 10n ceramic
7 100u 10V tantalum
Semiconductors
1C1 7805
1C2 7408
| 1C3 7447
| 1C4 Z80A PIO
Q1 BD131
D1, 2 T1N4001
| D3 1N4148
. DISP1 Common anode
’ 7-segment
display

9-0-9V 6 VA PCB
mounting
transformer

momentary action,
push-to-make

12V DC 400R
miniature relay

PCB: edge connector to suit ZX81 or
Spectrum; 10-way 0.1” pitch PCB plug
l and socket — 2 off each; case, etc to
|

Lol s

BUYLINES

All of the semiconductors, including
the Z80A PIO, are readily available

| from a number of our regular adver-

| tisers, as are suitable transformers,
ZX81 and Spectrum edge connec-
tors, 7-segment
switches. A suitable relay is sold by
both Maplin (code YX97F) and Ambit
(type OUD), both of whom also sup- |
ply PCB connectors. The PCB is avail-
able through our PCB services, for
which see page 74.

LEDs and the

external source, eg the mains, but
if your particular application does
not specifically demand an ear-
drum piercing, complaint eliciting
siren, you might prefer to use an
audible warning device of some
sort instead. Providing this does
not draw more than 100 mA or so
and will run from 17V or less, you
can connect it directly in the
collector circuit of Q1 and dis-
pense with the relay entirely. The
edge connector you use to con-
nect the unit to the micro will
depend on whether you plan to
use a ZX81 or a Spectrum, and
should be wired in accordance
with Fig. 3.

The choice of case is left
entirely to the constructor, but
since there is mains on the board it
is advisable to have some sort of
enclosure. Mounting the switches
should present no problems but
the LED display is not so easy. If
you're after a particularly neat
appearance you would perhaps do
best to go for an easily cut plastic
case, and to cut out an aperture for
the LED and then mount it flush in
Araldite. The input lines, mains
input, and connections to the mic-
rocomputer could either be taken
through grommets or, if you're
really fussy, through appropriate
connectors, although it is probably
most convenient to use a connec-
tor only for the input lines.

Prograrnming

The 7280 PIO ahas six control
lines, three of which (MI, IORQ,
and RD) can be connected direc-
tly to their counterparts on the
Spectrum or ZX81 edge connec-
tor. The remaining three, B/A SEL
(select port A or B), C/D SEL
(select either control or data car-
ried on bus), and CE (chip enable)
must be connected to the address
bus. The Spectrum manual tells us
that AO, A1, A2, A3, and A4 are all
normally high (they are used to

e T TR
A7 A6 A5 Ad A2 Al A0 PORT
0 0 0 1 1 1 1 1 A data
0 1 0 1 1 | 1 1 A control
0 0 1 | 1 1 1 1 B data
, 0 1 1 1 1 1 1 B control
L
Table 1 Examples of eight bit P10 address words.
| 81T 7 6 5 4 3 2 1 (]
scutput mode 0 0 1 1 1 1 1 1
aput mode 0 1
oidirectional 1 0
control 1 1
L

Table 2 Format of the operation control word.
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control printer, loudspeaker, etc),
so we can leave these high and
connect B/A SEL, C/D SEL, and CE
to the remaining three lines, A5,
A6, and A7 respectively. A5 low
selects port A, A5 high selects port
B; A6 low selects data (input and
output) and A6 high selects con-
trol (programming information).
A7, the chip enable, is always held
low. The resulting eight bit words
are shown in Table 1 and their
decimal values are 31, 93, 63, and
127 respectively. ,
We must next initialise the PIO
by sending two control words to
each port. The first defines which
mode and, as we are using mode
three, a second must be sent to
define which of the eight lines are
inputs and which outputs. The for-
mat of the operation control word
is shown in Table 2, and it will be
seen that the relevant control
word for ports A and B s
11111111, that is, decimal 255.
The second control word also
consists of eight bits, each one cor-
responding to the I/O line with the
same number, ie, bit 0 corresonds
to PA (or PB) 0, bit 1 corresponds

INITIALISE
PIO
ALARM
READY?
YES

DEFINE
LINE
STATUS

‘L
NO
MO
YES

ACTIVATE
ALARM

¥

DISPLAY
FAILING
LINE NO,

Fig. 4 Flow chart of the burglar alarm ’
program.
3
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10 Glear 32500 62, 255, 211, 211, 93, 211, 127, 62, 240,
15 Forn=0 to 107 : read b 211, 127, 219, 63, 203, 111, 40, 250, 6, 8,
20 Poke 32500 + n , b 62, 0, 30, O, 211, 63, 219, 63, 203, 119,
25 Next n
30 DATA 62, 255, 211, 93, =211, 93, 40, 5, 203, 32, 246, 28, 219, 63, 203,
211, 127, 62, 240, 211, 127, 219, 63, 111, 32, 250, 203, 11, 16, 232, 62, 0, 211,
203’ m’ 40’ _6, 6, 8, 62’ O, 30’ 0’ 63, 219, 63, 103, 40, 210, 219, 31, 171,
60’ 211’ 63’ 219, 63’ 203’ 119, 40, 5, 6, 8, 203, 23, 56, 4, 16, 250, 24, 237, 197,
203, 127, 32, -10, 28, =219, 63, 62, 9, 211, 6, 10, 17, 1, 0, 33, 222, 57,
203’ Jj_l, 32’ __6’ 203, 11, 16, -2/, 62, 0, 237, 82, 32, ].6, 247, 193, 120, 211, 63,
211, 63, 219, 63, 203, 103, 40, -46, 219, 219, 63, 203, 111, 32, 250, 219, 63, 203, 103,
31, 17, 6, 8, 203, 23, 56, 4, 16, -6, 32, 250, 24,
2%, -19, 197, 62, 9, 211, 63, 6, 10, RZ‘;;J&:}’:’ il b o, dl 255
17, 1, 0, 33, =222, 57, 237, 82, 32, -4, out A 93 211, 23
out A 93 211, 93
16, -9, 193, 120, =211, 63, 219, 63, out A 127 z;i 3(7]
LD A 240 s
203, 111, 32, -6, 219, 63, 203, 103, 32, out & 127 211, 127
N 63 219, 63
-6, 24, =96 Table 5 (Right)- BIT 5 203, 111
40 PRINT USR 32500 Assembler listing JRZ -6 40, -6
of the burglar LD B 8 6, 8
Table 3 The Spectrum program. alarm program. LD A g ié 2
LD E s
to PAT, etc. Setting the bit high computer recognises a negative ING & 60,
defines the associated I/O line as number by checking to see if the out & 211, 63
an input, while setting it low  most significant bit of the jump N 63 219, 63
defines it as an output. Since port  operand is high. If so, then this bit BIT 6 203, 119
A consists of the eight input lines  represents —128, all other bits IRz 5 405 2
from the various sensing switches,  retaining their normal values. For BT 7 ol
its control word will be 71111111,  example, suppose we wish to o o
again, decimal 255. Port B has lines  enter —6. This becomes —128 3 . o
0, 1, 2, 3 outputting data to the  +122, or in binary 11111010 (the . 203, 111
LED display and lines 4, 5, 6, and 7 first digit representing —128 and R 6 32, 6
accepting input data from the  the remaining seven representing RRE 203, 111
push button switches, so its con- +122). This is the decimal number DINZ -24 16, -24
trol word will be 11110000, that is, 250. This can also be calculated b & 0 62, 0
decimal 240. from the two's complement rule: out 63 211, 63
The first six instructions of the the number (6) in binary 0 63 218, -
program therefore consist of load- 00000110 - » 223 1?2
ing the relevant control word into h - o . 3‘1
the accumulator and outputting it~ <hangedto 1,1 to 0 i : o
to either address 93 or address 11171601 P 0 » .
127 (see Table 5 and the flow add1 203, 23
chart, Fig. 4). 11111010 Lo 56, 4
The program can be entered which is again decimal 250. Thus, 2TE te, =€
directly into the Spectrum, but if  any number having the form —X - 2 e
you are using a ZX81 you will need  can be entered by using the for- ot : 3 \
to reserve space for the 108 bytes mula 128 + (128—X) which is, of " X . o3
of machine code by moving RAM-  course, simply 256—X. e - - 1
TOP. To do this type in: Having reserved the 108 bytes LD DE 1 17, 1, c
POKE 16388,147 after RAMTOP in the ZX81, type in: LD HL 14814 33, 222, 57
POKE 16389,67 170 FOR N=0to 107 SBC HL, DE 237, 82
NEW 20 INPUTX JRNZ -4 32, -4
and follow each statement with 30 POKE17299+N,X bJNZ -9 16, -9
the Newline command. To check 40 NEXT N Ryl 108
that RAMTOP has been moved, 50 PRINT USR 17299 R g
H . out 63 211, 63
type in: then RUN. The computer will then iy e oS
PRINT 256*PEEK 16389+PEEK wait for you to type in the 108 o s 5. and
16388 numbers given in Table 4. Note IR Nz -6 32, -6
and you should get 17299. that these are the same numbers N 63 219, 63
The ZX81 is also unable to deal  as those in the Spectrum program BIT 4 203, 103

directly with the negative numbers
used in the jump statements. The

34

except that all the negative num-
bers have been replaced with their

JRNZ
JR

32,
24,

-6
-96
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—_— ... PROJECT : ZX Burglar Alarm

HOW IT WORKS

The various intruder detecting
switches are connected between earth
and the eight lines of port A on the
P1O. Each of the eight lines is connec-
ted to the +5V line through a pull-up
resistor, so that when the associated
switch is open a logic high level will
appear on the input, and ‘when the
switch is closed the line will be pulled
down to logical low. The latter four
lines on port B are similarly connected
so that pushing any of switches 1 to 4
| takes the associated line low. The first
| four lines on port B are used for the
display output and carry a four bit
binary code. This is fed directly to the
decoder/driver 7447 and thence to
the seven segment display.

When the program is started up it
puts out a ‘1’ and then waits for the
line to be defined. Taking either line 6
or line 7 on port B low enters a 0 to 1
as desired into register E. Subsequen-
| tly taking line 5 low initiates a rotate

right instruction which moves the
entered data one place to the right so
that the register is ready to receive the
next bit. The microprocessor then out-
| puts a ‘2’ and the process is repeated

until register E is full.
| The microprocessor then goes into a
| continuous loop, using the XOR func-
' tion to simultaneously compare each

in register E. If both bits are at the
same level, either both high or both
low, the XOR function will produce a 0
output, but if the two bits are at dif-
ferent logic levels the XOR will give a
1. The RLA instruction is used to shift
each bit into the carry flag and test for
a 1 and if no carry is detected the mic-
roprocessor carries on testing the
lines.

When a 1 is detected, a nine is
briefly sent out via port B to the dis-
play. At the same time, a large number
is loaded into registers H and L and 1
is successively subtracted until the
result is zero. A total of 148,140
machine cycles are needed for this,
and the nine is therefore displayed for
a full second or so before the micro-
processor removes it and displays
instead the number of the failed line.
The AND gate 1C2b has its inputs con-
nected to the A and D lines from port
B, and will therefore go high only
when a nine is put out. Its output is
connected to 1C2a, another AND gate,
which is wired as a latch. 1C2a drives
the transistor Q1 which turns on the
relay. The other input of 1C2a is con-
nected to line 5 of port B, and if SW2
is pressed this line will go low, unlatch-
ing the gate and thus turning oif the
relay.

two’s complement.

From here on the procedure is
the same whichever microcom-
puter you are using. When the pro-
gramming has been completed, a
1 should appear on the LED dis-
play. This refers to the first line on
port A, and you must now tell the
computer whether this line is to be
high or low, according to what
type of sensing switch you plan to
use on it. To do this you first press
either switch SW3 (LOW) if the
line is to be nomally closed or
SW4 (HIGH) if the line is to be
normally open, and then press the
ENTER switch SW2. The LED
should now display a 2, and you
repeat the procedure with this and
each of the subsequent lines.

When all eight lines have been
entered and the register is full, the
microprocessor goes into a con-
tinuous loop, checking each line
against its corresponding bit in the
register. Should you wish to
redefine the normal state of the
lines, pressing SW1 empties the
register and thus stops the pro-
gram. If the alarm is triggered, it
can be reset by pressing first SW2

FREQUENCY COUNTERS

The brand new Meteor series of 8-digit Frequency Counters offer the lowest cost professional performance avaiable anywhere

Measuring typically 2Hz — 1.2GHz
Sensitivity <50mV at 1GHz
Setability 0.5ppm

High Accuracy

3 Gate Times

PRICES (Inc. adaptoricharger, P & P and VAT)

METEOR 100
METEOR 600
METEOR 1000

(100MHz)
(600MHz)
(1GHz)

£104.07
£133.97
£184.57
Designed and

manufactured
in Britain.

*
*
*
*

*

Low Pass Filter

Battery or Mains

Factory Calibrated

1-Year Guarantee

0.5"" easy toread L E.D. Display

Ilustrated colour brochure
with technical specification
and prices available on request.

Black#Star

HIGH PERFORMANCE
HIGH RELIABILITY
LOW COST

. |

T
L |

BLACK STAR LTD. 9A Crown Street; Stlves,
Huntingdon, Cambs, PE17 4EB; England.
Tel: (0480) 62440 Telex: 32339
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input line with the corresponding bit and then SW1. ETI :
|
i
2000 Series. ABS. Guides for vertically !
BIMBOXES mounting PCB's bimdaptors for horizontal moummg f
Part No ize Grey or Black !
100x5x25 .10 e
Full Kits inc. PCBs, hardware, elec- GUITAR TUNER Jan E31 BT ];3122}3& 1 22 xS
tronics, cases (Unléss stated), Less | COMPONENTTESTER D s 78 e g 3 145 :
batterles. S o 2 19011080 2% 587
Project reprints 45p extra. Separately E;: -:; 150x80x76 720 %8: !
45p + p&p €21 37 190x110x90 Grey Base, Clear Lid 50
—— 112x62x31 Grey Polystyrene, No Guides 063 i
£ '
BALANCED INPUT PREAMP May 83 nc case 1099 < 4000 Series. ABS Base vl
BIMBOXES  Aluminium recessed lid. ~ BIMTOOLS
?:’“55_50“’““”“Maya“‘mm - BIM 4003 85x56x35 118  Grey 12v Mini Bimdrillinc collets 805
/MIN THERMOMETER Apr 83 £43.78 111x71x48 1.46 or Mini Bimdrill Kit inc 20 tools 14.45
Rﬁké%elggfgaissesm 5.3 E;: 23 BIM 4005 161x59x96 202 Black Mains Bimdrill in collets 955
DUAL LOGIC PROSE Scp! LS i ed sl Ae 10005?333‘; ég’snrssn Mains Bimdrill Kitinc 20 tools 15.45 '
& ess case
INSULUATION TESTER M. . £17.5 BIMCASES Aluminium recassad lid. S:El[gﬂ ;;w 272
ng\'l-:r?(limu?ser%%'éel:“ oS E 0TS BIM1005  161x39/57x98 178 Grevor gimpump, Desoldering Tool 625
MOVING MAGNET STAGE less case £19.69 BIM1006  215x47/72x130 288 Black P . )
PEST CONTROL Feb 82 £7
All prices inc VAT, Add 50p per order php
MAGENTAELECTRONICSLTD SAE for full list. Mail Order only,
ET7, 135 Hunter St, Burton-on-Trert =St-_AS P t t b terli
Staffs, DE14 2ST Mail Order Only R e e e S e BIMSALES
(0283) 65435
Add 50p p&p to all orders. Prices Eng\SEE%’EF’V@}%ES pIAICR Dept ETI, 48a Station Road, Cheadle Hulme, \/
include VAT. Access & Visa phone/post Cheadle, Cheshire, SKB 7AB. Tel: 061-485 6667



Modular
Amplifiers

the third generation

Due to continous improvements in components and design |LP
now launch the largest and most advanced generation of
modules ever.

WE'RE INSTRUMENTAL
IN MAKING A LOT
OF POWER

In keeping with [LP’s tradition of entirely self-contained modules
featuring, integral heatsinks, no external components and only 5
connections required, the range has been optimized for efficiency,
flexibility, reliability, easy usage, outstanding performance, value
for money.

With over 10 years experience in audio amplifier technology ILP
are recognised as world leaders,

-,

BIPOLAR MODULES MOSFET MODULES
Moduie | Output Load DISTORTION Supply Size WT | Price Module | Output Load DISTORTION Supply Size WT [ Price
Number Power |Impudance [ T.H.D. 1.M.D, Voltage mm gms ine, Number | Power Impedance| T.H.D, I.M.D. Voltage mm gms inc.
Watts 0 Typ at 60Hz/ Typ VAT Watts n Typ at 60Hz/ Tye VAT
rms 1KHz  7KHz 4:1 rms 1KHz  7KHz 4:1
IRES 5 4.8 0.075% <0006% | *1B |76x68x40 | 240| 840 MOos 128| 60 48 [<0005% <0006% | 45 |120x78x40 | 4z0[€£3041
HY GO 30 4-8 0.015% <0.006% & 25 76 x 68 x 40 240 | £9.55 MOS 248 120 4-8 <0,005% «0.006% + 55 120 x 78 x 80 850 £39.8i
FIYGOGO| 30 + 30 4.8 0.015% <0,006% + 25 120 x 78 x 40 420 | £18.69 MOS 364 180 4 |<0,005% <0.006% t 55 120 x 78 x 100 [ 1025] £45 04
HY 124 60 4 Q.01% <0,006% 126 120 x 78 x 40 410 | £20.75 —
Y 1728 60 8 0.01% <0,006% + 35 120 x 78 x 40 410 | £20.75 Protection: Able to cope with complex loads without the need for very special
1yeaa | 120 4 001% <0006% | +35 [120x78x50 | 520 |£25.47 protection circurtry (fuses will suffice)
HY 248 120 8 0.01% <0.006% + 50 120 x 78 x 50 520 | £25.47 Slew rate 20v/ps, Rise time: 3us, S/N ratio: 100db
HY 464 180 4 0.01% <0.006% 4% 120 x 78 x 100 | 1030 | £38.41 Frequency response (—3dB) 15Hz ~ 100K Hz, Input sensitivity: 500mV rms
HY 368 180 8 0,01% <0,006% + 60 120 x 78 x 100 | 1030 | £38.41 input impedance: 100K {1 Damping factor: 100Hz > 400
Protection Full |oad line, Slew Rate: 15v/ps. Risetime: 5us S/N ratio: 100db, ‘NEW to 1LP’ In Car Entertainments
Frequency response {—3dB) 15Hz — 50KHz, Input sensitivity: 500mV rms.
Input Impedance 100K {1 = Damping lactor 100Hz >400 ci15
Mono Power Booster Amplifier 10 increase the output of your existing car radio
PRE.AMP SYSTEMS or cassetie player 1o a naminal 15 watts rims
T ol = - 5 TRt Very easy to use
ule odule unctions urrent rice inc. 2
Number Required VAT Robust construction £9.14 {inc. VAT)
MY Mono pre amp | Mic/Mag. Cortridge/Tuner/Tape/ 10mA £7.00 | Mounts anywhere in car
N V“gﬁ““”'e/l;‘e /T/ o o Automalic switch on
YW Sterco pro amp | Mic/Mag. Cartridge/Tuner/Tuape., m £1
I Aux + Vo!/Bass/Treble/Balance Output power maximum 22w peak into 441
/Bas 3 B
HY | Guntar pre ame | Two Guitar (Bass Lead) and Mic + | 20mA | £15.36 Frequency response (—3dBI 15Hz ta 30KHz, T.H.D. 0.1% at 10w 1KHz
wparate Volume Bass Troble + Mix S/N ratio (DIN AUDIO} 80dB, Load Impedance 341
LY | Sierea pre amp | As HY66 less tone controls 20mA £14.20 J Input Sensitivity and impedance (selectable} 700mV rms into 16K} 3V rms into BL
Size 85 x 48 x 50mm, Weight 256 gms,
Most pre-amp modules can be driven by the PSU driving the main power amp —
A separate PSU 30 15 available purely for pre amp modules if required for C1515
£5.47 (inc, VAT). Pre-amp and mixing modules in 18 different variations Stereo version of C15, £17.19 {inc. VAT)
Please send lor details.
95 x 40 x 80, Weight 410
Mounting Boards SlE x * e g ]

For ease of construction we recommend the B6 for modules HYE—HY 13 £1.05
{inc. VAT} and the B66 for modules HY66—HY78 £1.29 [inc, VAT)

POWER SUPPLY UNITS {incorporating our own toroidal transformers)

Model For Use With Price inc. Model For Use With Price inc Maodel For Use With Price inc
‘ Number VAT Number VAT Number VAT
PSU 21X | a2 HY30 £11.93 PSU 52X | &= HY 124 I Ei707 PSU 72X | Z x HYZ48 T2zt
PSU 41X |1 yr 2HYBO, T x HYB060, 1 x HY 124 £13.83 PSU 53X | 2 MOS128 £17.86 PSL 73X [ 1 x HY364 EEZ LA
PSU 42X | | = HY 128 £15.90 PSU 54X | 1w HY248 £17.86 PSU 74X [ 1 x HY368 |20
PSU 43X |l » MOS128 £16.70 PSU 55X | 1= MOS248 E1g52 PSU 75X | 2 x MOSZ4A8 1 x MOS368 EAA20
PSUBIX | 2% HY 128, 1 x HY244 | £17.07 PSU 71X | % HY244 (25

Please note: X in part no. indicates primary voltage, Please inser1 "'O" in place of
X for 110V, 1" in place of X for 220V, and "'2"" in place of X for 240V

ILP Electronics Ltd., Dept 2, Graham Bell House, Roper Close, Canterbury CT2 7EP, Kent, England.
Telephone: (0227) 54778 Technical (0227) 64723. Telex: 965780.
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FEATURE

UDIO DESIGN

Whether or not a preamplifier needs tone controls is
controversial; however, what is beyond dispute is that a
competent audio engineer needs to know how to design
them. John Linsley Hood shows the way.

ith the exception of the response curve cor-
Wrections needed for the proper replay of

gramophone records recorded to the RIAA
characteristic, so far | have looked mainly at linear
amplifier systems, such as the low distortion gain block
and the moving coil head amplifier circuits shown in the
Frevious part of this series. What if one wants de-
iberately to enhance part of the audio spectrum? How
does one doit? Well, doing it is easy, but there are some
snags, and | think it wouFd be useful to look at these
first.

Onceuponatime,all properhi-fiamplifiers had tone
controls. Now, most of the very up-market ones don't.
Why is that? Being somewhat cynical about the hi-fi
scene (and close acquaintance with this field tends
rather to encourage this sort of response to the claims,
beliefs and motives of those within it), the most
immediate answer might be that what you don’t put
in won't go wrong, nor does the manufacturer have to
pay for the bits that haven’t been used. A second, less
cynical though perhaps more naive thought could be
that if you have very up-market gear, the frequency res-
ponse of all your bits will be so good that any tinkering
with the frequency response will be quite unnecessary.
The truth, which could include parts of both of the
above, would also recognise that one gets nothing for
free, and that a beneficial change in the frequency res-
ponse might also cause problems elsewhere.

Consider first the question of harmonic distortion. As
we have seen, this is due to the presence of unwanted
harmonicsofthesignal frequency,sothata300Hzsignal
will be accompanied by unwanted signals at 600, 900,
1200,1500Hz, andsoon, representingthe 2nd, 3rd, 4th
and 5th harmonics of the incoming signal. If we give the
signal a little treble boost, say +6dB at 1500 Hz, we
would have doubled the amount of 5th harmonic
oresent — and this is an unpleasant one, which is quite
discordant — as well as increasing the amount of the
others present, to greater or lesser degrees. True, the
converse also applies. A treble cut will reduce the
zmount of harmonic distortion, so that, forexample, the
ourity of the sinewave output from an audio signal
zenerator can be improved justby puttinga few RC filter
clements after its output. Those of us who are old
snough will remember the old trick of putting a 0.02uF
zcross the primary of the speakertransformer windingto
essen the amount of third harmonic in the old pentode
vzive output stages.

At the other end of the frequency spectrum, while a
it of bass boost may help to give a punchy quality to a
drum or string bass, or impress your friends by making
vour doors rattle on an organ pedal note, the penalty
could be an enhanced response to mains hum, or rum-
aiefromthe gramophone turntable orrecord. More sub-
i, the penalty might be just that the low frequency
sznals, because they occur at frequencies where our
=z7s are not very sensitive, tend to be rather large in
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amplitude, so thatabitof bass boost might make them so
big that they actually overload our amplifiers or LS sys-
tems. This lastis very likely, since LS driver cones tend to
move in and out quite a bit at LF anyway, because of the
very limited air loading at these frequencies.

So, how about filtering the signal to remove the turn-
table rumble, or other very low frequency signals for
which the LS will tend to flap its cone, before applying
the bass boost? Yes, this wouFd be better, but even filtra-
tion has snags, tonally. These come about because rates
of change of signal amplitude with frequency greater
than —6dB/octave (where the signal amplitude halves
as the frequency is halved — or doubled) occur very
rarely indeed in nature, so our ears respond to higher
ratesofchangeasan‘unnatural sound, ora‘colouration’.
Asanexampleofthis, if wetakeawideband‘white’ noise
signal, and we modify the amplifier frequency response
by afilterhavinga —6dB/octave characteristic, as shown
in Fig 1a, the ‘hiss’ will sound a bit different, and a bit
quieter, but it will still sound uncoloured.

If we increase the filter slopes, as in 1b, and 1¢, to
—12dB and —18dB/octave, the sound of the hiss will
change, and begin totake onasomewhattuned’ quality,
characteristic of the turn-over frequency The steeper
the filter slope, the worse this will be. This is a criticism
which has been levelled at the digital recording systems,
where the very steep cut,‘brick wall’, anti-aliasing, filters
needed for this technique, will introduce very heavy
colouration. Fortunately, the steep cutfilter frequency s
sufficiently high that the ‘whistly’ quality of the sound
will be noticeable only to those with young ears.

The moral of this is, | think, that we should use bass or
treble boost with discretion, and never more than we
need. Similarly, where possible, we should avoid filters
having very steep slopes unless these slopes are variable
SO \«\E(‘ can adjust them to give an aurally acceptable
result,

Such steep-cut AF filters, used with ‘bi-amped’ and

‘tri-amped’ hi-fi LS systems, where the crossover
1
o
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z
2
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=
< ¢
w
gl
g 118 ; | 3 . Y
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Fig. 1 Effect of different filter slopes. ’
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between wooter, mid-range and tweeter units isaccom-
plished electronically at the input to separate LF,
mid-range and HF poweramplifier units, can give results
which area lot less good than expected, simply because
of the phase changes of the signal and the colouration of
the final result. The actual crossover networks in the
better commercial LS multi-driver systems tend to owe
as much to listening tests and small adjustments to the
component values as they do to the initial calculations.
These are the snags: now for the circuitry.

Tone Controls

These comein five basic types, each representing an
attempttoavoid problems or give betterresults, These |
shall call conventional, shelf, slope, graphic equaliser
and parametric types.

INPUT 1 A |
l 1
(1
A DUTPUT S l
7 I
(2 5 i
=
< |
z I
c o 1
|
| =
ov 1
|

FREQUENCY

1
f=5-Re AT —3dB

Fig. 2 A very simple treble cut tone control

Conventional Tone Controls

As we have seen, the impedance of a capacitor is
related to frequency by the equation Zc = Vemrfe, This
means that the simple RC circuit of Fig. 2a would, if
driven by a sufficiently low source impedance and
loaded by a sufficiently high outputimpedance, have an
outputat (1) as shownin 2b (flat with frequency) and an
output at (2) which falls at 6dB/octave with increasing
frequency, as shown also in 2b. If R is a potentiometer,
the gradient of the slope can be varied according to
whereabouts one taps off the output. Thiswill giveasim-

le treble cut‘tone control’. If one modifies the circuita
ittle, as shown in Fig. 3a, to include a resistor R2, to limit
the attenuation whenthe impedence of Chasfallentoa
very low value, and if one makes C a lot bigger in value,
the output at (2) will rise below a certain frequency,
dependent on the component values, to give the fre-
quency response shown in Fig. 3b. This could be made

A
INPUT
R z
<
(2 -
QUTPUT =
=
A2 3
w
o
c
WL
FREQUENCY
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Fig. 3 Simple bass
R1 A1’ boost circuits.
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[ (c) {fe
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HIGH R <

R2 %HE'
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Fig. 4 A simple treble boost (or bass cut) circuit.

into a variable bass boost control by the circuit layout of
Fig. 3c.

Asimilarsortofexercise canbe done to make passive
(ie, built entirely from Rs and Cs, with no amplifying ele-
ments) bass cutandtreble liftarrangements, as shownin
Fig. 4. Inevitably we will need to work out some means of
interconnecting these so that they don’t interact, and
several such circuits, as for example in Fig. 5, have been
worked out, and were popularin the USA. The question
is really whether it is worth the bother, when the
excellent arrangement first proposed by Mr. P. Baxan-
dall, shownin Fig. 6, will do all thatis needed just as well
and more neatly.

3&2§ 'L inB
LIFT 1 100k LIFT

150n

INPUT O

BASS 1U’Dk§ 100k THEBLE

ouT ]_ 150n a7 TKE cuT
: Lo &
S D

-+ < OV
Fig. 5 Typical (commercial) passive tone control circuit.

O OUTPUT

The big advantage supposedly conterred by passive
tone control circuits is that because they only contain Rs
and Cs they won't distort the signal. however, they will
attenuate the signal — since they only work by selective
attenuation, a 20dB 'lift" at one frequency is simply a
20dB attenuation everywhere else in the spectrum.
Therefore it is necessary to amplify it by 10 (=20dB)
either before orafterthe passive tone control stage, anc
this amplifier may distort.

Also, there is the question of where this amplifying
stage should be put. Ifthis TC stage has an attenuation ¢t
20dB,and 1V RMS outputis needed fromit,a10 V RS
inputsignal (atleast) isneeded forits input— and thisisz
pretty bigsignal for a preamp. So — what if the amplifier
1s put so that it follows the TC stage? Then it only has ar
outputof1V RMS, soitwillhave areasonablylow distor-
tion, but there will be a lot of Rs and Cs connected toiis
input, which is now at only the 100 mV level, and which
makes the task of getting a god S/N ratio, and low back-
ground hum level, just that much more difficult.

The Baxandall circuit avoids this difficulty, since, ir
the flat frequency response position of the controls, iz
will normally have unity gain, so 1 V out requires 1 V in
which presents few problems in S/N ratio or hum pick-
up. The way this circuit works is best explained by the
simplified circuitof Fig7, whichisastraightforward nesa-
tive feedback inverting amplifier, whose gain is Ro/R- |7
Rt = 10Ra, then the gain is 10. If Rb= Ra, the gain is 1
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Fig. 6 Typical negative feedback tone control circuit of the
Baxandall type.
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Fig. 7 Simplified feedback circuit.
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#= FREQUENCY
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q

Fig. 8 Behaviour of negative feedback tone control (overlap
effects exaggerated).

Ra=10Rn, thenthe gainis0.7,and soon. Referring back
now to Fig 6, C1+RT and C2+R2 are RC combinations
whose impedance decreases with frequency. if the set-
tingof RV issuch that'R:"islargelvdueto C1+=R17 then
the amplifier will follow the gain curve im) in Fig 8. If the
slider on RV1 is moved to the other end of its travel, so
thatitisnow R2+C2 whichisequivzienttc Ri thenthe
gain curve will follow the form (n) in Fiz, 8

R3+C3 in Fig 6, is a network whose impedance
increases as the frequency decreases so that, by a
similar argument, the curves (p) and {ai of Fig 8 can be

5 Ju
O

(

250HF Stz s ySis

10

€1 M 100k Rz @2
R7
100k
A AN
B RB R9
100k
= 100k 100k
1c1s AN AAAN
M)
WLF353 e ca
7 R3 e R4
—
. AN . -
AvZ
IC1h_>—4—0 DUTPUT

Fig. 9 Sequential two-stage tone control which avoids inter-
action between controls (component numbering of Fig. 8
retained except for new components R6 and R7 needed for
DC feedback, and absence of R5).

selected by appropriately positioning the slideron RV2,
The intermediate curves p’, q',m' and n’ can be selected
atintermediate positions of the sliders on RV1 and RV2,
with a flat frequency response being obtained, if the
components are closely matched, when the sliders of
the pots are exactly in the middle of their travel. The
resistor R5 serves to help isolate the operation of the
‘bass’and ‘treble’ sections of the tone control. This isola-
tionis, however, always a bitless than perfect, sothe per-
fectionist might prefer to separate out the two halves in
twosuccessive stages, asshownin Fig9, usingtwo halves
of a dual op-amp. the limit resistors R1, r*, R3 and R4 in
both casesserveto preventthe circuitfromtryingto give
an infinite gain or a zero gain at the extreme poten-
tiometer slider positions. "

Shelf-Type Tone Controls

This is a compromise between the Baxandall and
Graphic Equaliser type tone control systems, in which a
series of RC networks are arranged so that they can give
separate 6dB shelves in the frequency response, which
can be added (or subtracted) at will, at octave elements
in the audio pass band. This gives a very similar type of
response correction to that of the graphic equaliser
(though more limited inamplitude) butwithoutthe snag
of the very uneven frequency response which the
graphic equaliser will give at max. or min. settings. Pro-
vided thatonly relatively smallamounts of carrection are
1eeded, this arrangement allows for separate octave
band portions of the frequency response to be raised or
lowered independently. Typical possible frequency res-
ponse curves are shown in Fig. 10, and a circuit for this
type of tone control is shown in Fig 11.

Fig. 10 (LH corner) Typical frequency response curves for two-
stage shelf control (desired frequency response can follow any
one of these patterns).

wwre—ﬁ: " "‘;-.'.,' ‘ A ‘-'.’ t & .':“.‘
=" = —H-J
220 108 e i
— s % a0 EN 7
A ]JUHS [—-\st—| |..._rvv\f\._,[
P
1206
i AR e
250H2
——— =128 o . TaE 4
soau W = Fig. 11 Circuit layout
S e—— : _ S ‘«-.Lw for two-step sheli-type
I '/ L tone control.
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Slope Controls

The realisation that, with good quality audio equip-
ment and good programme sources, the major require-
ment of the normal user would be to alter the general
slope of the amplifier frequency response, to correct a
somewhat over dull or over shrill quality in the input
signal (the preferences of the original sound engineer
may differ from ones own or from any other engineer),
led the Acoustical Manufacturing Co., in their Quad 44
preamp.,toprovide forthe skewing of the frequency res-
ponse, to give an overall upward or downward slope to
theresponse curve, ofthe typeshownin Fig. 12. Atypical
circuit for this, due to Quad, is shown in Fig. 13,

100Hz TokHz

+3dB —

—3dB —

Fig. 12 Slope type tone control.
INPUT O] VA

1oon B2k

—C OUTPUT

- |
-~ L2707

65 T 220n T

Fig. 13 ‘Quad'’ tilt control.

0 oV

Graphic Equaliser Systems

The basic idea behind this development was a good
one, and the scheme enjoyed a considerable popularity
when itwas firstintroduced in the early 1970s. In essen-
ce, the idea is that in a normal listening room environ-
ment, and with normal LS and gramophone PU units, the
frequencyresponseofthesystem — atthe ears of the lis-
tener — will contain a number of humps and troughs,
most of which will probably be quite localised. There-
fore, if one could divide up the acoustic spectrum into
eight, single-octave chunks — which would cover the
range from 60Hz to 15.3KHz — and if some provision
were made for adjusting the gain of the preamp,
upwards or downwards, in each of these sections, it
should be possible to make a pretty fair job of organising
a flat frequency response, as actually presented to the
listener.

Well, by and large, the system works. The first snags
are theobvious ones—that nature does not often oblige
by putting its humps or troughs in the frequency res-
ponse just at the centre frequency points (90, 180, 360,
720, 1440, 2880Hz, and so on) which such an eight
octave equaliser would offer, they are just as likely to
occur at the interface frequencies where we could do
nothing about them. the other snags are those which
arise from the nature of the corrected frequencyrespon-

40

Fig. 14 Response of a graphic equaliser tone control system
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Fig. 15 Circuit arrangement of a graphic equaliser.

se, of which the possibilities are shown in Fig. 14. These
are: with all the controls set to their mid-point positions
the frequency response tends to have a corrugated iron
appearance; furthermore, if all controls are set to either
max. or min. positions, this irregularity is much
exaggerated; and all rapid changes in gain vs. frequency
areaccompaniedbyverylarge p‘?wase shifts. The sound of
a transient (percussive) eventis very dependent on the
relative phase (= time of arrival) of the sound compo-
nents which go to make up this event; if one churns up
the phase components, one gets some strange effects.

So,withalittie regret, the consenstus of opinion is that
such tone correction systems, unless used very judicious-
ly, tend todiminishthe realism of the reproduced sound.
However, for those who would use such systems
judiciously, the circuitry needed is shown in Fig 15,

This operates by utilising the characteristic ofaseries
resonant LC circuit, such as L1/C1, to provide a very low
impedance path atits resonant frequency. Left to itself,
the opamp, IC1, with R100 and R101, would be a unity
gain inverting amplifier. If RV1 is large in relation to the
other circuit resistors (R1a, R1h), when the slider of RV1
is at its left hand end, the gain of the circuit (at the fre-
quency atwhich L1/C1 hasanominal zero (impedance)
will be given by: Ein/Eout =R101/(R1a//R100) ("//
means “in parallel with”), which will be higher than
unity gain.

If, on the other hand, the slider of RV1 is at its right
hand end the gain of the circuit (at resonance of L1/C1}
will be Ein/Eout= (r101//R1b)/R100, which could be 2
good bit less than unity. So, this gives a means of adjust-
ing the gain up or down at specific frequencies deter-
mined by the resonant frequency of the LC series
network. Otherseries resonantlimbs, L2/C2, L3/C3 etc.
can be connected, in parallel, as shown, with little
interaction.
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Theactual resonant frequency of this network can be
calculated fromthe equation F=1/(2m) LC, which canbe
rearranged conveniently as L= 1/(27F)*C, where Fis in
Hz Cisinfarads,and Lisin henries. This gives values for L
and C for90 Hzas 3.1 Hand 1uF, for 720 Hz as 500 mH
and 100nF and so on. The actual value shown on the cir-
cuitdiagram will give about 12dB lift and cut; more than
this would be unwise.

s

FREQUENCY

Fig. 16 Parametric tone control response.

Parametric Equaliser Type

This has similarities to that of the graphic equaliser
system, but is more modest inits intended scope. In this
arrangement, a correction is applied to a single pointin
the frequency passband (although, in principle, more
could be used), and provision is made not only for mod-
ifying the amplitude from peak to notch, but also for
movingitupand downthe frequencyspectrum, so thatit
could %e positioned precisely at the point at which a
tonal correction is required. Such a system could be
made by taking a single section of the circuit of Fig. 15,
and altering its operating frequency by adjustments to
L1 or C1 by switching, though in the rather complex
published circuits the resonant frequency is usually
generated by the use of gyrators, which are elec-
tronically simulated inductors. The frequency response
is shown in Fig. 16.

Impedance Matching

In general, all of these tone control circuits, and most
of the other preamp circuits will operate at their best if
they are driven from a very low impedance, and loaded
with a very high impedance. Most op amps, or gain
blocks connected in this manner, will have a low output
impedance, due to the operation of the negative feed-
back system. If they are connected as non-inverting
amplifiers they will generally have a high input im-
pedance. |f they are connected as inverting stages, the
input impedance will be that of the circuit elements
connected between the input and the — input connec-
tion to the op amp. This will not normally be very high,
but will usually be a lot higher than that of an op amp
direct output connection. If a tone control circuit is
driven from too high aninputimpedance, the maximum
lift available will be lowered, and the interaction bet-
ween the treble and bass controls will be increased. Ifan
‘active’ filteris driven from too high a source impedance
it may be unstable.

ETI DECEMBER 1983

Filters

All of the RC tone control circuits described above
will give a maximum lift or attenuation characteristic of
bd B%octave — associated witha maximum phase shift of
90 beginningatthe octave belowatreble lift or cut, orat
oneoctaveaboveabass turn-over point. (this phase shift
is not particularly importantin tone control systems, but
should be remembered as an unavoidable accompani-
ment of any frequency response adjustment mech-
anism.) If a greater rate of attenuation is needed, for
example for HF whistle removal or for rumble filtering, a
wide variety of steep cut filter circuits are available.

k2

INPUT OUTPUT O=—=ANAN—
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cr2 2

o= 2n/1C

—12d8/0CTAVE

|
|
|
|
|
|
'D

fel

Fig. 17 LC low-pass filter system.

Of these, the simplest is the LC system shown in Fig.
17a. This is quite often used in treble filter circuits, and
the arrangement shown in Fig. 17b is the three-
frequency variable slope filter of the Quad 33 preamp.
Although one could also use this arrangement as a rum-
ble filter, this is not commonly employed mainly
because the large values of inductance required would
lead toa proneness to hum pick up. To geta good rate of
LF attenuation, the Q of the LC network would need to
be high. This is determined by the ratio L/CR (where R is
the winding resistance of the choke, and its associated
core Iosses?, which means that L has to be high, so that
therequired low frequencies cannotbe obtained simply
by using a big C.

INPUT O i} i}

i +
o1 ] ————————C OUTPUT
2200 . 100n

e TLOTY etc

.

VO <0 0V
la)

Az ; y———0 QUTPUT

bnb T TLO? et
Ina -I-
wo :

(b}
Fig. 18 Sallen and Key active filter circuits: (a) high pass (30
Hz) —12dB per octave; (b) low pass (1 kHz) —12dB per
octave.
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Fig. 19 Bootstrap or H filters: (a) high pass (30 Hz) —20dB
per octave; (b) low pass (nominally 1 kHz, actually 1145
Hz) —20dB per octave.

(b)

Maore conveniently, activefilterarrangements can be
used, based on some poweramplifyingelement, such as
an op amp, and a group of Cs and Rs. The circuits for
active filter arrangements are very numerous, but two of
the most useful, which can be built around any suitable
op-amp, or even an emitter follower, are the Sallen and
Key and the ‘Bootstrap’ circuits, which | have shown in
Figs.18and 19intheirrespective high-passand low-pass
versions, together with appropriate circuit values for 1
kHz (low-pass) and 30 Hz (high-pass).

This latter value is convenientiy placed fora preamp
rumble filter, but all of the filter turn-over frequency

0
1

)
f

W
i

- : - T
PhikMe 1Gkie  MOksE TkHe  2WMr ke

Fig. 20 Filter slopes given by treble and bass filters of Figs.
18 and 19.

points can be scaled up ordown by proportional adjust-
ments to the values of the resistors or the capacitors.
One can check the correctness of ones choice from the
formula Ft=1/2m/R1R2C1C2. '

As shown, the Sallen and Key circuits of Fig. 18 will
give a —20dB/octave attenuation rate, because they
have a three section structure, and one can push the Q
up a bit higher. (Other things being equal they would
have given —18dB/octave). The slopes obtainable are
shown in Fig. 20.

The analysis of these circuits, and the method of
calculating their performance is a little beyond the
scope of this part of this series, but | will explore this field
later, when I takealookatthe useof complexnumbersin
calculating the impedance and phase shifts caused by
reactive components in passive and active networks.

Inthenextpartofthisseries | proposeto takealookat
audio power amplifiers, to see how these may be
designed, and to try to assess the present state of
development of these, and how much of the myth has
a foundation.
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bothof whichare housedinattractive moulded
cases. the system provides an invisible
modulated beam over distances of up to 50ft,
operating a relay when the beam is broken
Intended for use (n security systems, but also
ideal for photographic and measurement
applications, thesystemisavailableat

only £25.61 + VAT,  Size80byso

POWER SUPPLY & RELAY UNIT
PS 4012

Drovtdes stabilised 12V cutput at 8SmA and
s arelay with 3amp contacts. The unit
uptc2ultrasanic units
C Price £4.25 - VAT

SIREN MODULE SL 157

Prite £2.95 - VAT

5%" HORN SPEAKER HS 588

This weather-prool hor provides
extremely high sound pre s 1110dbs
at 2 metres) when usad v 2 CA 1250 PS

1865 0r SL 1567 Price £4.95 - VAT,

3-P0S. KEY SWITCH 3901

Single pole, 3-pos_key switchintended for use
with the CA 1250 Price £3.43 + VAT

All modules are supplied with
comprehensive instructions.
Units on demonstration.
Shop hours 9.00-5.30 p.m.
Wed. 9.00-1.00 p.m.

SAE with all enquiries.

Add 15% VAT to all prices.

Add 50p post & packing to all
orders.

Order by telephane or post

using
your credit card.

Build your own
system and
SAVE POUNDS!

ALARM CONTROL UNIT
CA 1250

The heartofanyalarm systemisthecontrolunit

The CA 12500ftersevery possible feature thal

Is likely to be required when constructing a

system whether a highly sophisticated

installation, or simply contralling a single

magnetic switch on the front door

@ Built-inelectronicsirendrnives 2 joud speakers

® Provides exit and entrance delays together
with fixed alarm time

® Battery back-up with trickle charging facility

® Operates with magnetic switches, pressure
pads, ultrasonic or [.R. units

® Ant-tamper and panic facility

® Stabilised output voltage

® 2 operating modes — full alarm/anti-tamper
and panic facility

@ Screw connections for ease of installation

® Separaterelay contacts for switchingexternal
loads

® Test loop facility

Price £19.95 + V.A.T.
SIREN & POWER SUPPLY MODULE

PSL 1865

Acompletesirenand powersupolymodulewhich
sca ao\e of providing sound levels of 110dbs
at 2 metres when used with a horn soeaker. In
aadrtion theunitprovidesastabilised 12V output
upto 100mA Aswitchingrelayisalsoincluded
sothattheunitmay be usedinconjunction with
the US 5083 or US 4012 to form a complete
alarm

Price £9.95 + V.A.T.

HARDWARE KIT
HW 1250

only
£9.50
+ VAT

This attractive case is designed to house the
control unit CA 1250, together with the
appropriate LED indicators and key switch
Supplied withthe necessary mounting pillars and
punched front panel the unit I1s given a
professional appearance oy an adnesive silk
screenad 'abei Size 200 by 180 by 70mm

' HARDWARE KIT

HW 5063

only

£9.95
+ VAT

This hardware kit provides the necessary
enclosure tor a complete self-contained alarm
system which comprizes the US 5063, PS 1865,
loud speaker type 305 and key switch 3200
Attractively styled, the unit when completed,
provides an effective warning system without
installation problems

ULTRASONIC MODULE
ENCLOSURE e - "

Lo, WD
only %
£2.95 ‘?2 N
+ VAT *

Suitable metalenclosure forhousing anindiv:aual
ultrasonic module type US 5063 or US 4012
Supplied with the necessary mountingpillars and
screwsetc, ForUS5063order SC 5063: for
US 4012 order SC 4012

RiSCOMP LIMITED

Dept. ETI 7

21 Duke Street,

Princes Risborough,

Bucks, HP17 OAT

Princes Risborogh (084 44) 6326
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FINESSE LIGHT
CHASER/SEQUENCER

Bored with lights that just flash on and off?2 Get them to chase
around in pretty patterns and mesmerise your friends with the
ETI Finesse Light Chaser unit. Design by lan Benton.

he electronics controlling a
T disco lightshow is increasing

rapidly in sophistication — so
here's my attempt to do for the
light chaser what ETI's “Spec-
tracolumn” did for the sound to
light unit last December. Here's
the Finesse Light Sequencer.

This design uses only a similar
number of components to the
average light controller but pro-
vides many more functions, com-
ing a close second in versatility to
a fully microprocesor controlled
light system. It provides not only
the chase/invert/all-flash patterns
that are available on the simplest
controllers and the forward-
reverse chase patterns that appear

IC1 1S TLOGA

IC2 1S 4520

IC3 IS 4070

IC4 15 2716

IC5 1S 7418373
IC6 1S 7805
SCR1-8 ARE TIC206D
OR SIMILAR
Q1,2 ARE BC184L
Q3-10 ARE 2N302
D1 1S 1N4148
D2-5 ARE 1N4001

on some of the more upmarket
versions, but a selection of forty
different sequences including 10
chase patterns (chase up, chase
down, alternate forward reverse,
chase in twos, chase in fours etc.)
eight flash patterns (all flash, a
short strobe-type flash, left & right
alternate flashing, centre & outside
alternate flashing), and 20 other
sequences including chasing from
both sides to the centre, etc. and
two test sequences (all on and all
off). In addition, the unit has both
sound-chase and auto-chase facil-
ities so the lights can be set to
change in time to the music or at a
constant rate determined by a
front-panel mounted potentio-

meter. :

The unit can be used to drive
all manner of light boxes — cer-
tain sequences appear more
impressive on different types of
display up to a maximum of 375
watts per channel — any more
than that and the mains fuse blows
when all 8 lights turn on together
— the prototype drives a long box
with eight spotlights plus two
square boxes with eight lamps
arranged in a radial pattern.

The various sequences are
stored in an EPROM with one byte
(8 bits) determining the state of
each of eight lamps, and 16 bytes
in each sequence so that the dis-
play steps through 16 changes of

NEUTRAL
R30.35
22k
[ I | Lo
LOAD
H s
i
LED1" LED2* (8 SCR1
21| 19
Vpp A10 R39 15y
R16-29 g
330R
g
Do a3
SN 1 oy k2 k MEUTRAL
CCCC 3y, i
AW 1 1
Swae L AT D2 ] |
SEQUENCE SELECT - = A8 ( [ =
13 2
r :f ica D3 e
14 - LS 2
Da -
(i [ [ 3
G 15 =
o D5 >335 =
w
EN 16 L L L 3
b A D6 ]
SOUND Q4f 5] A3 17 [ [ 'I
a3 |2 L L
@ 122 Qg F 5 A2 D7 -3 >
B
X

Fig. 1 Circuit diagram
of the Finesse.

44

« DENOTES COMPONENTS NOT MOUNTED ON PCB

CHECK MANUFACTURERS DATA FOR

Bod 3
[ S
¥YPE

ETI DECEMBER 1983

o
]
[:4
T




PROJECT

lights before it repeats again. The
sequences are selected using a 40-
way (CB rig type) switch. This pro-
duces a BCD output which is
connected to address lines A4-A9
(A10 is not used), and a two digit
seven segment output which
drives a front panel display. As the
switch has BCD outputs the ad-
dresses from A to F (hex) cannot
be used, which limits the system
to 40 sequences out of the
possible 64.

A 2716 (16K) EPROM was
chosen as the data storage device.
Although only half the available
memory is used it has an ad-
vantage of cost overthe 8K (2758)
EPROM which is now not easily
obtainable, and of ease of use over
the 2708 which requires in addi-
tiona —5Vand +12V power
supply.

Bipolar (Schottky) PROMs were
considered as they are completely
non volatile (an EPROM may suf-
fer data loss it gets too close to the
disco UVs without an opaque
sticky label) but these are far more
expensive than the EPROM (£11
for a Schottky PROM compared to
about £2.25 for an EPROM) and
cannot be erased if you make a
mistake during programming —
you have to throw it away and start
again with a new one. However, it
is possible to use a Schottky
PROM with a slight change to the
PCB: see Modifications section.

The circuit also includes an
optional LED display which shows
what should be happening at the
front. It was decided not to
include bulb failure detection as
the prototype drives three bulbs in
parallel and so would only show a
failure if all three bulbs blew
which is fairly unlikely.

The completed circuit is split
into three sections. The transformer,
rectifiers, and reservoir capactor
were mounted separately as they
were common to another con-
troller which was mounted in the
same box as the prototype. Note
that no PCB has been given for this

Fs1*

section, as it is much cheaper to
mount these components separ-
ately, either using a piece of
Veroboard or point-to-point wir-
ing. Do remember that all the PSU
components are at mains poten-
tial. The sound chase board was
kept separate to place the micro-
phone behind the front panel and
keep the wires between the speed
control potentiometer and the
oscillator circuit to 2 minimum to
void pickup of umwanted signals
causing spurious cutoul puises,
The sound chase circuit {
tures automatic level c

which eiiminates the need to ad-
just a2 tevel control, 1t gives &
genuine sound-c hich
changes the lights on the beat
instead oOf just varving the speec
according to the volume of soun

The circuit has a fast attack and
fairly slow decay so it is quite
effective at picking out drum beats
or cymbals. The circuit includes its
own crystal microphone which is
of sufficiently high quality for this
application as only the general
sound level needs to be detected.
If you're very fussy, you could use
an electret condenser microphone
if you can find a 1.5V power sup-
ply forits internal JFET amplifier.
The sound chase and oscillator cir-
cuits are implemented using a
TLO64 IC (this is the quad low-
voltage low-power version of the
familiar TLO71).

No connection should be
made to the disco sound equip-
ment unless it is done through an
isolating transformer or opto-
isolator as the entire sequencer
circuit is at mains live potential.

As an added bonus the circuit
features zero-crossing control of
the triacs — this eliminates radio
frequency interference which is
generated if a triac turns on in the
middle of a half-cycle and also
reduces the current required to
trigger the triacs as they are only
triggered at the beginning of each
half cycle.

The overall cost of the circuit

0O 5V

13A Da*
LIVE = Ic6
m i
NEUTRALC T, =
6-0-6V |j‘35'
6VA == 2200u
va

T T T

PIN 4 PIN 16 PIN 14 PIN 24 PIN 20

1C2 IC3 Ic4 IC5

IC1
PIN 11 PIN 8 PIN 7 PIN 12 PIN 10

N S

* DENOTES COMPONENTS NOT
MOUNTED ON PCBs

Fig. 2 Suggested PSU circuit.
ETIDECEMBER 1983

compares very favourably to a
commercial unit and even to some
of the simplest three channel con-
trollers; the major part of the cost
will probably be in the bulbs,
bulbholders and connectors.

Construction

Be especially careful when
soldering on the PCB as the tracks
are very close together in places
and both mains live and neutral
appear on the same board. Use a
good quality socket for the
EPROM as you may need to
remove it; the other ICs can be
soldered directly if you feel confi-
dent enough, otherwise use soc-
kets. Take care to get the tantalum
capacitors the right way round
ithev smell terrible when they
olow up) as well as the 1Cs and
gicdes,

The actual transitor types used
are not critical, but the PCB is laid
out for the types specified, and
vou wili have to make sure that the
right leads go down the right holes.

HOW IT WORKS

The audio signal is picked up by the
crystal microphone and amplified by
IC1a which has a high gain. IC1b along
with D1,R5 and C1 form a peak detec-
tor which has a fast atack and slow
decay. R6 and C2 follow the peak with
a delay, 1C1¢ compares the peak signal
with the delayed signal and therefore
produces a pulse corresponding to any
sudden increase in volume,

IC1d along with R7,R8,R9,R10,C3
and RV1 form a conventional Schmidt
trigger oscillator with a speed variable
from 0.5Hz to 10Hz. Switch SWi1
switches between the Sound and Auto
inputs.

1C2 is a four-bit binary counter which
counts the input pulses and steps the
four low-order address lines of the
EPROM though the 16 bytes of the
sequence.

SW2 provides the high order address
lines and also drives a 7 seg display.
The switches are connected between
the input and ground to maintain com-
patibility with bipolar PROMS which
require a higher puli-down current
which is thus provided through the
switch and not the resistors.

D2 and D3 clip the mains 50Hz
sinewave and 1C3a Troduces a square
wave. This is doubled by 1C3b, buf-
fered by 1C3c and inverted by 1C3d to
produce a positive going and a nega-
live going pulse; these are used to ena-
ble the EPROM outputs at the begin-
ning of each half cycle and to latch the
data into the LED driver (1C5). Q3 to
Q10 produce a 50mA pulse to trigger
the triacs (SCR1 to SCR8) which turn !
the lamps on.

_ The power supply is fairly conven-
tional with a transformer, rectifier
diodes, reservoir capacitor and three-
terminal regulator. The 5V output is
connected to mains live. C6 is a de-
coupling capacitor for the EPROM

supply. ’
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Fig. 3 Overlay diagram for the main board and the sound board (on left).

In particular, note that the pin-out
of the BC184L is different from
that of the BC184. Note also that
iC2 and IC3 face in different direc-
tions. All the ICs apart from the
TLO64 and 7415373 are MOS so
require handling carefully — don't
touch the pins more than you have
to and make sure that your solder-
ing iron has an earthed bit. The
TLO64 is JFET and LS373 is bipolar
and you can touch them as much
as you like!

If your crystal mic is mounted a
hole in the front panel, make sure
that you use a plastic-bodied type
as the metal body is connected to
one terminal which will therefore
be at live potential.

The TLO64 op-amp must not be
re-placed by a TLO74 or TLO84 even
though these types are cheaper.
The 74/84 only works down to 6V
whereas the 64 will operate at the
5V supply used by the rest of the
circuit. The EPROM can be the
cheapest type available (try Rapid
Electronics); this will also be the
slowest, but 450ns is still plenty
fast enough as the inputs are
changing no faster than 20Hz and
any access time better than 1 ms is
good enough. If you're using your
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own PCB design or Veroboard (2?)
then don't swap MT1 and MT2 on
the triacs even though it simplifies
PCB layout. These are not inter-
changeable and the circuit won't
work with them connected the
other way round (I tried it!)

A transformer is recommended
for the power supply — even if
you omit the LEDs you would still
need a very hot resistor or hefty
capacitor to provide the 70mA that
the EPROM needs.

The triacs are driven by PNP
emitter followers; while this sim-
plifies board layout (as no base
resistors are required), it confuses
things slightly as the triacs are then
switched on by a zero output from
the EPROM. This isn't such a bad
thing as erased EPROMs are full of
FFs Fall outputs high) so this means
that an unprogrammed location
turns all the lights off.

The triacs are triggered by a
negative gate pulse. In this way
less current is required to trigger
them on (5mA as opposed to
10mA for a positive going gate
pulse). The triggering current is
actually 50mA; this is to ensure
that the triacs turn on fully as
quickly as possible. This is fairly

important as lamps can have a turn
on surge current of up to 10 times
the normal running current and the
triac will only cope with this if it is
fully turned on.

Connections are made to the
main board using ““Wafercon” ter-
minals for the mains outputs and
Minicon connectors and ribbon
cable for the switch and LEDs. -
These are more reliable than sol-
dering to the PCB as movement
can easily break a solder joint.
(Minicon & Wafercons are from
MAPLIN).

The seven segment displays
can be either common anode or
cathode. The circuit diagram
shows the common anode variety
with the common display terminal
connected to 5V and the switch
common to OV. For common cath-
ode displays simply reverse these
two connections.

The CB rig switch (SW2). comes
from Ambit, their catalogue shows
two types along with a connection
diagram. One type produces a
BCD output which is one less than
the number displayed on the 7
segment displays — for this appli-
cation, this is immaterial. The dis-
plays were mounted on a scrap
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PROJECT : Light Chaser
j :
| > g CODE

RESISTORS (all %AW 5% except as & g

indicated) o - = Smare e

i 22k S EETT oo s

R3,R12 47k i R N o

R4 IM2 38 1480 00 FF 00 FF 00 FF 00 EF 00 FF 00 &% O FF

R5 IM7 | 37 1490 FF 00 FF 00 FF 00 FF 00 FF 00 FF 0) ==

R6 68k | 36 1440 FF FF FF 00 FF FF FF 00 FF FF FF 00 =F FF F

R7,R8,R9,R38 100k | 35 1480 FO OF FO OF FO OF FO OF FO OF FO OF £C

R10 33k 34 14C0 FO FF OF FF FO FF OF FF FO FF OF FF 50 F=
| E:; lggtww 33 1600 C3 3C €3 3C €3 3¢ C3 3C €3 3C €3 3¢ O3 i

R14 R15 15Kk 32 14E0 AA 55 AA 55 AA 55 AA 55 AA 55 AR S5 AA 55 AL

R161-R29 R47-R54 330R (22 off) 31 14F0 AA FF 55 FF AA FF S5 FF AA FF 55 FF AA FF 55 =
| R30-R37 22k x 8 SIL

resistor 1500 - 156F FF

R39-R46 100R (8 off)

RV1 500k log 30 1560 7F DF BF EF DF F7 EF FB F7 FED FB FE 00 FF 00 FF
| 29 1570 7F 5F 57 55 54 S0 40 00 80 A0 A8 AA AB AF BF FF
| E?PAC”ORS 3u3F 6V3 tant 28 1580 7F OF F7 FD FE FB EF BF JF DF F7 FD FE FB EF &F
i 27 5 :
| C2,c3 14F 6V3 tant z 1?90 7F Ji 37 is 45 05 04 00 80 A? A8 AA BA FA‘ FB FF
‘ C4 10nF Siemens PCB 1540 7F OF F7 FD BF EF FB FE 7F DF F/ ED BF EF FB FE
| polyester 25 1580 FC F3 CF BF 00 FF 00 FF 3F CF F3 FC 00 FF 00 FF
| C5 2200uF 10V 24 150 E7 €3 81 00 18 3C 78 FF E7 C3 81 00 18 3C 7E FF

Electrolytic 23 1500 E7 €3 81 00 81 C3 E7 FF E7 C3 81 00 8 G3 E7 EF

Cé6 10uF 6V3 Tantalum | 22 1580 E7 C3 81 00 18 3C 78 EE 7E 3C 18 00 81 (3

SEMICONDUCTORS [ 21 150 7E BD DB E7 E7 DB BD 7E 7E BD DB E7 E7 DB
Lct TL064 '

i 1600 - 165F FF
i 1C2 4520
1C3 4070 |
1C4 2716 450ns | 20 1660 7E BD DB E7 JE' BO T8 E7 7E BB DB EF 7E =0 o8
EPROM | 18 1670 FO OF F1 8F F3 OF FJ EF F' FO 3
. 1C5 7418373 18 1680 JF FE BF FD DF F3 EF F7 i o =
! 1C6 7805I 1tA 5V ' 17 1690 7F FE BF FD OF FB EF 7 E B 3 =
regulator | 16 16A0 OF 87 C3 El f EXf ©3 5 % E =1
| D1 TN4148 15 1680 3F OF 03 00 =h FT 5 S 3

D2,D3,D4,D5 1N4001 e (R

Q1,Q2 BC184L 4 16C0 3F CF £3 FC ¥ & F3 =

Q3-Q10 2N3702 (8 off) PRI iy F 2 @ 3 A -

SCR1-SCR8 TIC206D (8 off) 12 16800 77 =B - = 3 £E

LED1,2 Seven segment 1" F B TT EE = =

LED displays (see ‘
text) e
LED3-10 single LEDs to '
choice 38 = i e |

MISCELLANEOUS : 2 Ay

T1 6-0-6 VoVA 8 o8 IF 3¢ 77 FF

SWi1 SPDT switch 7 J E 38 1F OF 07 03 01

SW2 Rig Switch — see E = X FF FE FC F8 [0 EO B0 AO

text { E FE FE FD FB F/ FEF DF BE 7F

RSTAS 134 jjuse & holdes 3 P : E FC F9 F3 E7 CF 9F 3F 7E
| PCBs; lightholders; connectors to suit; i E = FBOFS FT B EF CF OF 9F 8 3¢ 7R

IC sockets as required: crystal micro- 5 = g L =g e .

: £ FB FO FE 7F BF DF EF F7 FB FD FE
phone
i = EF OF BF 7F FE FD FB [7 EF DF BF 7F

piece of veroboard which was
fixed to the front panei, and the
interwiring between the dispiavs
and the switch was done using the
330 R resistors and insulating
sleeves. The switch is intended to
be PCB mounting but was used
mounted on the front panel and
connections were made by solder-
ing wires to the tags.

The rectifier diodes and cap-
acitor were mounted on another
piece of veroboard fixed next to
the transformer,

Both outputs from the sound-
chase/oscillator board are taken to
an SPDT switch, from which the
common terminal goes to the
clock input on the main PCB. 5V
and OV power supply wires are
taken from the main PCB to the
sound-chase/oscillator board. All

ETI DECEMBER 1983

| ALl REMAINING LOCATIONS - FF
1=

Table 1 Suggested EPROM contents.

the inter-PCB connections are
shown on the diagram. The use of
D-type sockets to connect the
lights to the controller box is not
recommended — you may get a
nice display of pyrotechnics as the
wires touch together but the triacs
will blow faster than any fuse in
the circuit and remove the tracks
from the PCB. Use larger sockets
as the McMurdo types which also
have a retaining clip.

Setting-up

There are no adjustments to be
made to the circuit — just connect
to the mains {carefully_{, stand well
back and switch on. If you get a
flash of light from the PCB then

you had a short circuit and now
your probably haven’t much of a
PCB left. On the other hand, if
nothing happens first check that
the switch is not set to 40 (this is
all light off). If there are still no
lights, check that there is 5V on

BUYLINES

The rig switch is available from Ambit;
the suggested connectors are available
from Maplin (although substitute types
could be used); shop around for the
EPROM and buy the cheapest vou can
find — Rapid shouldbe worthalook; and
the PCB is available from our very own
service.

»
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PROJECT : Light Chaser

the ICs — pins 24 and 12 on the
EPROM 16 and 8 on the 4520, 14
and 7 onthe 4070 or 4 and 11 on
the TLO64. If not suspect a bad
connection or faulty voltage regu-
lator. Check also that there is a
50Hz high mark/space ratio
waveform on pins 18 and 20 of the
EPROM — if not check round the
4070.

When all is working, play a
record with a strong beat and
check that when the SPDT switch
is on ‘sound’ the lights change with
the beat and that the lights change
at a constant rate adjustable by
RV1 when the SPDT switch is set
to ‘auto’.

When poking around with your
‘scope/multimeter, don't forget
that the circuit is at live potential,
better still, use an isolating trans-
former. (It's a good idea to keep
one hand behind your back all the
time — this considerably lessens
the likelihood of receiving a fatal
shock).

Make sure that you don't put
the sequence switch too close to
the microphone otherwise the unit
will respond to the clicks made by
the switch when you change the

sequence, and, as these are quite
loud the unit will take a couple of
seconds before it starts sound-
chasing again — this is due to the
slow decay on the soundchase
circuit.

EPROM Programming

Each sequence fasts for 16
bytes, a zero corresponds to on
and 1 to off hence EC (hex) =
11101100 (binary) = lights 1,2
and 5 on, lights 3,4,7 and 8 off.

The starting address is 16 times
the 1s complement of the output
from the switch (see PROM dump
if confused). This is because the
switch is connected between the
address line and 0V with a pull-up
to 5V so that the output of the
switch is inverted. This is to main-
tain compatibility with Schottky
PROMS on which the address
lines can be pulled up to 5V with a
much higher value/resistor than
down to OV,

Modifications

Here is a list of possible en-
hancements:
1. Using a Schottky (fusible link)
PROM. The type required is

875191. A slight modification has
to be made to the PCB. Cut the
track that connects pin 18 to pin
20 on the EPROM and connect pin
18 to pin 19 (a good big blob of
solder will do).

2. Using the rest of the memory.
Address line A10 is normally tied
to 5V. This means that only the top
1024 bytes of memory are used
(from 400 hex to 7FF hex), To use
the other 1024 bytes cut the track
between pins 19 and 21 on the
EPROM and connect pin 19 to a
SPDT switch which can connect
pin 19 to either OV or 5V (don't
leave it floating). This is slightly
more tricky on the bipolar PROM
as A10 is pin 21. Cut the track at
both sides of pin 21 and connect
pins 18/19 (you connected them
together above) to 5V. Connect
the switch (as above) to pin 21.

3. If you want to use more than
375 Watts per channel: (a) Use
heatsinks for the triacs, or if you
are using spotlamps, use TIC226D
instead; (b) Reprogram the
EPROM so that the number of
lights on at any one time cannot
exceed 3000W (otherwise you'll
blow the mains fuse). ETI

SET-

decoding details, Basic lisings, £24.20.

NOW.

WRONG TIME?

MSF CLOCK is ALWAYS CORRECT — never gains or loses, SELF

TING at switch-on, 8 digits show Date, Hours, Minutes and
Seconds, auto GMT/BST and leap year, parallel BCD (including
Weekday) output for computer, receives Rugby 60KHz atomic time
signals, built-in antenna, 1000Km range, RIGHT TIME, £72.70
60KHZ RUGBY RECEIVER, as in MSF Clock, serial data output

V.L.F.? EXPLORE 10-150KHz, Receiver £21.20.

SPEECH COMPRESSOR, make them hear you, £16.80.
DISCOUNT £2 when you order 2 kits — ask for full list.

Each fun-to-build kit includes all parts, printed circuit, case, instruc-
tions, by-return postage etc, money back assurance, SEND away

CAMBRIDGE KITS
45 (TZ) Old School Lane, Milton, Cambridge.

PARNDON ELECTRONICS LTD.

Dept 23, 44 Paddock Mead, Harlow, Essex CM18 7RR. Tel: 0279 32700

RESISTORS: !4 Watt Carbon Film E24 range + 5% tolerance
Bandoliered and colour coded. Full Range 1RO-10M
£1.00 per hundred mixed (Min 10 pervalue) £8.50 per thousand mixed (Min 50 per value)
Special stock pack 60 values 10 of each £5.50

Please
mention

ELECTROVALUE |

THE E.L.L
ENTHUSIAST'S

A-Z
BUYING GUIDE

It's amazing what you'llfind inthe
pages of ourcurrent Autumn price
list, be you beginner expert or
professional. The list below gives
someidea of the enormous stocks
we carry and our service is just
everything you look for and
is backed by nearly 20 years
of specialised experience.
i Write, Phone or call for
& our Autumn price list now!

It’'s FREE!
Good Bargains
Good choice

this journatl
RECTIFIERS 3% Digit LCD Display: 1 colon. 3 decimal points when : .
1Amp 3 Amp plus/minus sign and lo bat indicator applying Prompt mall Order service
50V 3p 14p | Complete with low power 7106 A/D converter display driver ‘Access' facilties Connectors Lamps Switches
o p e Driver set £8.95 Aerosols Discounts Meters Solder tools
200V 5p 14p Driver £6.50 2 )
400V 6p 19p Display £3.50 VLT £ 55 Batteries Electrolytics Opto electrncs Tools
600V 8p 20p Boxes Ferrites Quantity prices Transformers
1000V 9p  25p |DIODES: IN4148 £1.60 per hundred Breadboards Grommets Quartz crystals Vero products
Computers & Hardware Rsistors Visa'facilities
DIL 8 pin - 10p. 14 pin - 11p. 16p pin - 12p. 18p pin— 19p. 20p pin-21p equipmnt 1.Cs. Relays Zonerd
SOCKETS 22 pin - 23p. 24 pin - 25p. 28 pin — 27p 40 pin - 42p. CEmEstes Knobs S N

Full List Available — Send SAE
ALL PRICES INCLUDE V.A.T. & POST & PACKING — NO EXTRAS
MIN ORDER — UK £1 00 OVERSEAS £5 CASH WIiTH ORDER PLEASE
Same Day Despatch

ELECTROVALUE LTD. 28 St, Jude's Rd, Englefield Green, Egham, Surrey
TW20 OHB. Phone — (0784) 33603 Telex: 264475:Northern Shop 680
Burnage Lane, Manchester (Callers Only) EV (061-432 4945) Computing
shop 700 Burnage Lane M/c. (061-431 4866).
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TV. SOUND TUNER

BUILT AND TESTED

In the cut-throat world of
consumer electronics, one
of the questions designers
apparently ponder over

s ""Will anyone notice if
we save money by chopp-
ing this out?’’ In the
domestic TV set, one of the
first casualties seems to be
the sound quality. Small speakers
and no tone controls are common
and all this is really quite sad, as the

TV companies do their best to transmit the highest quality sound
compact and independent TV tuner that connects direct to your =

reproduction. The unit is mains-operated.

This TV SOUND TUNER offers full UHF coverage with 5 pre-se
also be used in conjunction with your video recorder. Dimeans

E.T.}. kit version of above without chassis, case and hardwars. £12.95 2

PRACTICAL ELECTRONICS'

STEREO CASSETTE

RECORDER KIT &+ cast

ONLY £31.00 plus £2.75 p&p.

« NOISE REDUCTION SYSTEM. « AUTO
STOP. « TAPE COUNTER. ~ SWITCHABLE
E.Q. « INDEPENDENT LEVEL CONTROLS,
~ TWIN V.U. METER. + WOW & FLUTTER
0.1%, « RECORD/PLAYBACK I.C. WITH
ELECTRONIC SWITCHING. » FULLY
VARIABLE RECORDING BIAS FOR
ACCURATE MATCHING OF ALL TYPES

(G
) EC“‘L OFFERf

Kit includes tape transport mechanism, ready punched and back i

printed quality circuit board and all electronic parts. i £. semiconductors,

resistors, capacitors, hardware, top cover, printed scale and mains transformer. _
You only supply soider & hook-up wire, Featured in April P.E, reprint 50p, Free with kit.

STEREO TUNER KIT

This easy to
build 3 band
stereo AM/
FM tuner kit
is designed

in conjunction
with P.E {July
‘81). For ease of construction and alignment
it incorporates three Mullard modules and an
... |F System

FEATURES: VHF, MW, LW Bands, interstat-
yon muting and AFC on VHF. Tuning meter.
Two back printed PCB’s. Ready made chassis
and scale. Aerial: AM-ferrite rod, FM-75 or
200 ohms. Stabilised power supply with 'C’
core mains transformer. All components supp-
jied are to P E, strict specification, Frontscale
size 10%''x 2" approx. Complete with dia-
gram and instructions

SPECIAL OFFER!
£13.95 +£2 5008p,

STEREO CASSETTE
DECK

Stereo cassette
tape deck trans-
port with elect-
ranics.
Manufacturer’s
surplus — brand
new and operat-
ional — scld
without warranty.

£11.95
plus £2.50 p&p

Just requires
mains transform-
er and input/

output sockets
and a valume

control to com-
plete, Supplied with full connection details

125W HIGH POWER
AMP MODULES

The power amp kit is a module for high
power applications - disco units, guitar amplif-
iers, public address systems and even high
power domestic systems. The unit is protected
against short circurting of the load and is safe
in an open circuit condition. A large safety
margin exists by use of generously rated com-
ponents, result, a high powered rugged unit
The PC board is back printed, etched and
ready to drilf for ease of construction and the
aluminium chassis 1s preformed and ready to
use. Supplied with all parts, circuit diagrams
2nd instructions

ACCESSORIES: Stereo/mono mains pawer supply

<t with transformer: £10,50 plus £2.00 p&p

SPECIFICATIONS:

Max. output power {(RMS): 125 W, Operating
voltage (DC): 50 - 80 max. Loads: 4-16 ohm
Frequency response measured @ 100 watts:
25Hz - 20KHz._ Sensitivity for 100w: 400mV
@47K. Typical T.H.D. @ 50 watts, 4 ohms:
0.1%_ Bimensions: 205x90 and 190x36mm

k1T £10.50 BUILT £14.25

=£% 15p&e $E1.35 B85

AUDAX 8”

HIGH QUALITY 40 WATTS
AMS BASS/MIDRANGE

aeal for either Hi-Fi or Disco use this speaker |
‘zztures an aluminium voice
zoli a heavy 70mm diameter
—agnet. Frequency res: 20Hz £5.95

zc 7KHz, Impedance: 8 ohms, . +£2,20 PRP,

AUDAX 40W Ferro-Fluid Hi-Fi

' SPEAKER BARGAINS

2'WAY 10 WATT
SPEAKER KIT

8" baesfmild r2n IM
tweetexs G
wire, crossd
and cebinet. A
cut —no cutr
Finish - chipb
wood simutate
8% 'x 4" PAIR for Ow_V

£12.50 plus £1.75 p&p

Tweeter 2

X 'over on BkHz

— 22kHz, 60mm £5.50
scuare, 8 ohm +60p p&p.
24 s o

21E HIGH STREET, ACTON, W3 6NG.

w222 Goods despatched to U K. postal addresses only
tems subject to availability. Prices correct at

83 and subject to change without notice,

= aillow 14 working days from receipt of order
zespaich. ATVC Limited reserve the right to up-
<neir products without natice, All enquiries send
55 A E Telephone or mail orders by ACCESS welcome
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. ALL CALLERS TO 323 EDGWARE ROAD,

LONDON W2, Telephone: 01-723 8432
(5 minutes walk from Edgwiare Road Tube Stationl
Now open 6 daysaweek 9 — 6 Prices include VAT

R|ITnhV]IC

PosiTRONICS
FOR PROFESSIONAL POWER SUPPLY UNITS

tronics leads the field in providing an inexpensive range of professional
1on power supply units. to Industry and the enthusiast Their features
rmance being worthy of instruments twice their price. such as visual
rcaton of mode. either constant current or constant voltage ripple less
ottageregulationbetterthan0.01%, loadregulation betterthan0.01%
d protected

g 1n kit they come complete with a step by step guide to problem
ruciion placing them well within the pocket and competence of even

PSU 303 (DVS)
*0-30volt cutput
*0 -3 amp output continuous
* Integral 6 range meter giving
v 0-3v 0-100 mA
00 md 0-10v  0-500mA
TR 0-30v 0-3A
* Perlormance light weight toroidal
transformer
* DV8 Dual Voitage Switched
Desigred by Positronics this
e unit lo deliver twice the
cenventional vanable

£438. 80

PSU301.5

0«10y @
0-30y @
“ In Kit £46.90

Built & Tested €59.90

From kit or built and tested you wili have a highiy controlable power source of
exacting design. engineering and quality

All prices inclusive of VAT. P&P £2 90. Please allow 21 days delivery

POSITRONICS
Unit 4, New Enterprise I1l, Montgomery Street
Sparkbrook, Birmingham B11 1DS
Tel: 021-350 2267

JUMP TO IT!

Climb aboard the breadboardlng
bandwagon with GSC's new WK —1
wire jumper kit — just what you've
always wanted to make
breadboarding easier and quicker
than ever before. Here, in one
neatly compartmented box, are all *
those different lengths of insulated
hook-up wire you need — 25 pieces of
each, in 14 {engths ranging from 0.1 inch
to 4 inches. What's more, the GSC kit makes
your job even easier by colour-coding all the
different lengths and providing a quarter-
inch length at each end with the insulation stripped
off and bent through 90°. So GSC jumper wires come
ready to plug straight into your quick-test sockets, bus strips or
breadboard system. No more fiddling around with wire cutters,
strippers or pliers — everything you need in one box. Take the plunge
right now by filling in the GSC coupon.

GSC [UK! Ltd., Unit 1_Shire Hili industrial Estate, Saffron Walden, Essex CB11 3AQ.
Tsicphione: §07997 21682 Telex: 817477
r I (N - -l e s - E S S - ﬂ

rice inc P&P 15% VATES

e dutluet £T nostann from paeh aid

efPO for £ L . :
aycard, Access, American Express card
..... Exp. date .

10799) 21682 with your card number and your order
£ 1n the post immediately.

GLOBAL SPECIALTIES CORPORATION

EEI=

Global Specialties Corporation (UK) Limited, Dept. 98 R
' Unit 1, Shire Hill Industrial Estate, Saffron Walden Essex CH11 340,

TOMORROW'S TOOLS TODA

FREE catalogue tick box ||
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BUILD A BETTER AMPLIFIER!

How can you own a top class HiFi amplifier, of comparable standard to Naims, Meridians, Quads etc., for an outlay of less than £250?
— Simple! Build it yourself — with a Crimson kit.

It is not necessary to spend a small fortune to obtain true Hifi performance. Crimson Kits offer all the features and sound quality of the most
esoteric amplifiers available and their ease of assembly ensures that they work first time and continue to do so. Not only do Crimson Kits offer
outstanding value, but they also have the flexibility to adapt to any use eds Allthe P.C.B/'s are ready assembled and tested (they are not "pot-
ted” as we believe disposable modules are rather extravagant!) thers tructing a kit is pleasurable in itself and, once built, will give years
of untroubled service. So, whether you use a simple record player or disc. you can be sure to get the most from your system. E.T .. said,
in their review of the CK1010/1100: “I can say no more than that for £250 it is a bargain and one that will become the reference point for kit
amplifiers from now on.” Need we say more?

PRICES
CK1010 _S STEREO PRE-AMPLIFIER {moving magnet. tape tuner ingutll iakes power from any CK power amp or separate psgu typg
P 92.0!

CK1040 — STEREO POWER-AMPLIFIER 40 watts RM.S /Chane £121.00
CK1080 — STEREO POWER-AMPLIFIER 80 watts RM S ‘Crane! £134.00
CK1100 — STEREO POWER-AMPLIFIER 100 watts RM.8 /Chzane £151.00
MC2K — Moving coil add on kit for CK1010 £25.00
P.S.K. — power supply for CK1010 (if not used with a CK power amo £20.00
CRIMSON also supply power amp, pre amp and electronic crosscser modules sower supplies and hardware — too much to list here — but on
receipt of an S.A.E. we will be happy to supply full details

TO ORDER Send C.W.O. or guote your access card no (phone orders accepisc: Crimson Products are also available from Bradley Marshall Ltd,

325 Edgeware Road, London

[E] CRIMSON ELEKTRIK STOKE

MANUFACTURERS OF PROFESSIONAL, DOMESTIC & INDUSTRIAL AMPLIFICATION
PHOENIX WORKS, 500 KING STREET, LONGTON, STOKE-ON-TRENT, STAFFORDSHIRE. ST2 1EZ 0782 330520

look what your IXS$1 or
Spedirum can dowith a SILVER-REED

TIME (ONTROLLER PRINTER/TYPEWRITER

REAL TIME CLOCK & INPUT/OUTPUT PORT AE FIBETURED! OV (©CTOMEIE RS HIROWT COViER:

AMAZING FEATURES AT A VERY LOW COST  POSSIBLE APPLICATIONS INCLUDE: R.R.P. £339. 25
Battery backed up Real Time Clock with month, Home Control, Electronic Diary with Alarm,
day, date, hours, minutes and seconds Programmable Timer, Sophisticated Burglar EXA,Z SPECIAL‘ PRICE T S £245 .OO
Program to control the Clock in on board Alarm, Auto Stopwatch, Sound Effects, Time &
PROM MEMORY — saves your computers Date Displays, Light Chaser, Disco Control

memory, Console, Auto Telephone Dialer, On/Off Switch JUST LOOK ‘,r\THAT YOU GET ! l

Only ONE LINE in your BASIC PROGRAM is Control, Temperature Control, Power Monitor-
needed to read or write the date and time ing, Automatic Testing, Robot Control,

Eight programmable OUTPUT channells (TTL Counter, Process Control, Scientific Applicat
compatible} ions, Lab Experiments, Time Recorder etc
Eight programmable INPUT channels (TTL

compatible) EXTENSION
EXTENSION for Rampack, Printer etc, included 3 = FOR RAM
BUILT IN %

PROGRAMME

IN PROM

. Latest technology daisywheel printer |
High quality keyboard ‘
Interface option to most micros
Automatic correction (16 characters)
. Post, packing & insurance free | .
. Other quality features

PRICE amaziNG vaLUE
ZX81 TIME CONTROLLER
only £3450, iSPECTRUM
TIME CONTROLLER only
£38.50. If you can buy a similar

U BN

roduct at a lower price, we
wilman | g .EJESTT? A i We also supply other Silver Reed
' . models.
Merry EIGHT . ' Phone for details of our interface.
Sy oUTPUTS & B | Cash refund if returned undamaged

Fi .
rem | within 14 days.

We also sell software for most of the well

. - g F k . 7 ] - .
gaw  FOR FURTHER INFORMATION pownimicio s Seno SEE forlissistating

Z . '_———-—--———-——-—----
E:EE:E:{:E Hectronics i Please send me more information on the following. ~ C‘heques /POS to

ey Holss, 1 || Time Controller for ZX81 & Spectrum
k

Bush Hill Parl 1

Enfleid | Products for the Apple || Computer
Talaghono 03-388 3245 24 el By ame

INFOHIIATIDN&ENQUIH!ES 1
Mosn ADDRESS

i ) u1-892-1909

Telex: 75444 CTT 1 TEL

DEALER ENQUIRIES WELCOME — GENEROUS QUANTITY DISCOUNTS AVAILABLE 25 Morley Road, Twickenham , TWL 2HG.
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FEATURE

REVIEW : ALTAI
CAPACITANCE METER

Do you ever need to check capacitance? Vivian Capel reviews
a meter that takes the misery out of measurement

ho wants to measure capacitors? Many amateur
Welectronic enthusiasts and some professional

technicians too, go through life with-
out making a single measurement of capacitance and
seem little the worse for it. After all, if you suspect a
capacitorin acircuit, you just change it, if the fault clears
well and good, if it doesn’t you look eisewhere.

Capacitors can be the most troublesome of the
passive elementsinany circuit — surpassed only by con-
nectors and dry joints as a source for trouble. You may
even find it well worthwhile to check ali new capacitors
as a matter of routine — particularly when prototyping,
when it is important to rule out possible sources of
malfunction at an early stage.

There are many other situations where capacitance
measurement can be very helpful, if only it was as quick
and straightforward as measuringresistance. Theanswer
is to invest in a direct reading capacitance meter. There
are a few models about, although they are not as com-
mon as the bridge. One of the latest to appear is the
ALTAI DM-6013, supplied by Semiconductor Supplies
International Ltd.,, 128/130 Carshalton Road, Sutton,
Surrey, at a cost of £49.50 plus VAT.

A Closer Look

The Instrument is housed in a plastic case sized
7x3%x1% inches, which feels sturdy to handle, not like
some instrument cases. It can be supported on the
workbench atan angle by means of a pull-down stand at
the back.

Itdoesn’ttake thatclose alookto see thatthe display
is a digital LCD read-out giving half-inch high figures.
Now | am not over-enthusiastic about LCD displays in
spite of their power economy, as the readability is not
always what it should be. | have no grumbles with this
one though, the 3'%-digit read-out comes with bold
black figures against a silver-grey background. | found it
readable from most angles and in poor light.

A striking feature of the meter is its range. It will
measure from 0.1 pF up to 2000uxF, which when you
thinkaboutitisastaggering ratioof1: 2", The lowend of
this range does permit some interesting experiments in
circuit stray-capacity.

The eightindividual ranges are selected by interlock-
ing push-buttons arranged down the ieft-hand side of
the instrument. These advance in value in increments of
ten, from the lowest at 200 pF to the highest 2000uF.
Resolution is from 0.1 pF at the lowest range to TuF at
the highest.

Specified accuracy is 0.5% on all ranges except the
highest for which it is 1.0%. If at any time the accuracy
falls outside of those tolerances, the instrument can be
recalibrated by the user by means of an internal preset
znd a capacitor of known value, preferabiy a large value
near the maximum for the particular range.

The instruction booklet describes how to do this, but
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owing to the inherent stability of the LSI circuitry it
shouldrarelybe necessary. If muchhard useis envisaged
though, it might be prudent to anticipate recalibration,
by selecting asuitable capacitor with alow temperature
coefficient and recording its measured value with the
new instrument. This could subsequently be used as the
standard for accuracy checks and recalibration.

Apartfromtherange switchesthe only other controls
are the on/off switch and a set-zero knob. This latter was
the cause of some initial disappointment as | imagined
having to fiddle with it each time arange was changed or
ameasurement made. | was relieved tofind | was wrong,
asthiswould have been asirksome as finding the null on
a bridge. The control has an adjustment range of £20pF
and therefore is significant only on the bottom two
ranges, especially the lowest. Its purposeis to cancel the
capacitance of the test leads when making low ca-
pacitance measurements.

The instrument applies a small excitation voltage of
2.8V maximum to the capacitor under test. The bottom
five ranges function on afequency of 800 Hz, but for the




e FEATURE : Review !

SOLATRON DSCILLOSCOPE C01400 DB

higherranges, the frequencyis lowered to 80 Hz (200uF
range) or 8 Hz (2000uF). Sampling of the capacitance
takes place every half-second, so any variations change
the read-out at this rate.

Polarity of electrolytic and tantalum capacitors must
be observed, this being indicated by the colour of the
leads and sockets {red and black). It is essential to dis-
charge any capacitor before connecting it to the meter,
otherwise damage could be caused: there is a 200 mA
fuse at the input, but it is wise not to rely on this.

Poweringis bya PP3 battery which lasts for 100 hours
operation or 200 hours in the case of an alkaline type.
When the battery voltage falls to 6.7-7.0V, the legend
"LOBAT" appears in the top left-hand corner of the LCD
display. Whenthis happensthereisstill some 20% of the
battery life left and several hours use, so this is in the
nature of an early warning rather than an instruction for
immediate replacement. It shouls not be used for too
long beyond this though, otherwise the accuracy will 7ail
with subsequently falling voltage.

In Use

Howthendid it perform? A good capacitorgave a sta-
ble reading within a couple of seconds of being con-
nected. The zero setting on the lowest range was rather
touchy, butthisis to be expected when dealingin tenths
of a picofarad. Movement of the test lead or even one’s
hand can give a change of capacitance.

On myfirstintroduction tothe instrument | feltit was
apity nottohaveincluded a leakage test. However, after
using it to measure quite a number of capacitors of
various types andsizes | found thatthereis, in fact,away
of testing for leakage. Digit rounding apart, leaky
capacitors will give higher readings on the higher
range(s) than on the lower. Large leakages (and dead
shorts) will return the over-range “1” reading on all
ranges.

l'also noticed that some capacitors did not give a sta-
ble reading, usually yielding a slowly increasing one.
Whilst this is not that bad a behaviour for an electrolytic
(typical tolerance —50% or+100%), itis bad news foran
unpolarised type, and resulted in a fair number of my
stock capacitors being consigned to phe bin! Also
ditched was a smaller number that gave a continual up
and down variation.

Lead Testing

Ajobthat | discovered | could do with the test meter
was to find the approximate position of an open circuitin
afaultyaudio lead, so easingthe job of repair (OK, | know
that if it's gone O/C once, it's likely to go again some-
where else, and the best thing to do is to dump it, but
there are occasions when this isn't possible . . ).

Whenaconnectinglead goes O/C, itisalmostalways
near the connector, because there is more flexing there.
But at which end? Well it's easy enough to tell with the
meter —simply check theinter-conductor capacitances
at both ends (ie. centre to screen); the end with the
lower capacitance is the one with the fault near it. In the
rare event of a break near the midle, this will show up as
approximately equaltotheratioof the twolengthstothe
break.

Conclusion

This is an excellent instrument which does its job
well, and which you tend to use more and more until you
wonder how you managed withoutit. Itis accompanied
by a well-written and informative instruction booklet
that contains much useful data including a table listing
the various types of capacitor and their characteristics.

Tl
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8" MONITOR in allractive case Mon Standard) 15MHz £80.
Input With Info £25 each. Carr €7 Malching ACSH TELEQUIPMENT OSCILLOSCOPE S43 sB
265MHz £85,

coded Querly Keyboard with Nument Keyaad and 25 iz .

27 Function Keys £25 each PAP C5 The Pair €40, TELEQUIPMENT OSCILLOSCOPE S43 SB

T2"MONITOR. Gased Non Standard tnput With| sy e ehite ol et vas

b ¥ J

infor E20 mach. Carr .7 With Matching ASLI code) £5.50 “,::Eft‘, o?f“, A A Y1) G

?uef:\égg\r'rx»;drllgNurg;er-: Padanc 24 Function| Discoloured €4 each. 10 off £30. 746 style black or
eys e Pair. Carr 2 . Y

AZYEC 20 Diack & white monitor Video in €50.T4 grey £7.50 each. PEP £2 sach. 4-10 units £7. Over

style 20" Monitors £30 . 10 by amangements.

INSTRUMENT CASE slandard 19° width x 16 TOKIN NOISE FILTER ¥G215FU. 250VAC 15A

depthx 10 high. £5 each. Carr£7 /60HZ. With fixing brackat. New £2 -

FLOPPY DISKDRIVE 8" by MEMOREX Conneclion VU METER. Scaled 0-5, size 1} x 7/8"”, 60p sach

|difion €25 each Carriage £7

delals E75 each P&P €5 10 oft £4.
CREED 75 TELEPRINTER. Very good con 1.T.T. LOUD BPEAKER. 3 |'' dia, 50 ohm 0.2 Wart.
sach, 10 off £8.50.

Naw.

EH.T. CABLE. Oversil dia 5mm, 10p per metre.
100 mstre drum £7.50 PBP £4,

Muiti Colour RIBBON CABLE 10 way, 50p per
metre, 10 metres £4, 14 way 75p per metrs, 10

ELECTROLYTIC CAPACITOR 15,000 mfd 25V.
20pea 10 off £1.80,

SLOTTED OPTO SWITCH wilh data 50p. 10 off
£4_

t metree £8, 100 metres £40.
ISP‘JzFeR‘A:’ H,E‘D/‘ %‘f:ggofrroﬁog@?o s ILLUMINATE&:OCKER SW'I'EH. 2 pale 250V 8
ELL type MS15 — 50p ea Amp, orange, 50p sach. 10 off 4.
Fgg%“‘é:‘“ FroToC & P JQOVSTICK SWITCH 4 directions, £3 each. P&P

AMPLIFIER BOARD complete wih heat sink & 2 . ~
output transistors type 2N5293 12/24V Input. Al PCB KEYBOARD PAD. 19 push contacts, 0-9; A-F

least 5 Watt output. Circutt supplied €1.50. plus 3 optional, £1.50 sach. 10 off £12,
VARIAC 2 amp Ex-eq. Good condition €12 ea. KEYBOARD PAD. 12 Alma Reed Switches, push
Sapra to make, 0-9; *; & Blank, sire 3 x 2} x 2" high, £4

type TIL209 Red with holder — 8p ea, 10 each. 10 off [16. PP £3.
70

1.C SBCKET 1€ pin — Bp ea 100 off £6.

GEARED MOTOR 117/234 Voit Input 50H2. 4" dia

x § 1" desp. }" shatt. New £B sach P&P £4

MOTODA 12V DC Input. 3” dia x 44" deep, |

wrafl. Mew £3.50 each PEBP £3.

DC MOTOR 8-12 Vohs. Mechanical Constant
Control 1 9" dia_ £1 each.

MOTOR 12V DC with pulley & memi-conductor

meed control. £1 sach,

SYNCHRONOUS MOTOR 2 Phase 9 voit AC. 375

RPM. Good torque (needs 30-40 mfd capacitor

Swuntates fo¢ Robitics/ Plotters etc. £1 each.

OTHER SYNCHRONOUS/STEPPING MOTORS
AVAILABLE PLEASE ENQUIR:

EPROM 2716 Single rail, £1.50 each. 2564 £3
SPECTRAL RELIANCE TEN TURN POT. 100 ohm
+ 1%. Brand new, TBp each 10 off £0.
SLIDER POTENTIOMETER. Twin Gang, 200K or
2M, 3p sach 10 off 03,
PANEL MOUNTING FUSE HOLDER for 1 }" fuse,
Z0p each. 10 off £1.60.
BELLING LEE CHASSIS MOUNTING FUBE
HOLDER for 1 }* fuse, 16p each. 10 off E1, -
I.LE.C. MAINS LEAD. 2 metrs lehgth, heavy duty,
80p each. 10 off £5.
4 CORE CURLY WIRE extending to 2 metres, 20p
each, 10 off £1.80.
MICROPHONE/EARPIEC: INSERTS. 8rand
new. 760 sach. 10 off £5,
GEARED MCTOR 120V 50HZ 4 Wall 1 ipm, 2 dia TORINGNAL Wres BLEWERZIO oIS 24 Watts
« 1{" desp. [1.60 each. TURNTABLE STYLE 240V AC MOTOR. Size 62 x
CENTAUR FANS 4}" 115V New, f4.50 sach. 75 & 7Amm Shat 43 x 4mm dia £1.50 ea PAP €2,
MUFFIN 15V 4§ " unused, £3 sach PEP 2. TRANSFORMER Input 0-220-240V Sec (12
TRANSFORMERS — AN brand new, ali 240 vohs 0-24V 1 Amp €2 sach
EXECUTIVE TELEPHONE-PUSH BUT-
TON. Functions include 10 number
memary, repeat dialing; internal Mic-
rophona & Speaker and separate handset
etc. Will connact direct 1o British Telecom
Sys;lgm BRAND NEW. ONLY £25 ea.
4

Imum Order of Gooda £3. Minimum PEP
£1.50. VAT ot 16% MUST be sdded to TOTAL OF
TOROIDAL TRAMSFORMER 0-120-240V tnput

GOODS & PACKAGING,
Sec $12V; 0-12% 10VA per wwnding. Encapsulated Many mora
[4 sach. W off [E svallable. 6.A.E. or

o
Soc 25 5v 254 Sgeldj x 2] x 2}". 2.50 each.
Soc 11EYTA im0l £1.25 each. Sec 6V 1.66A £1.60
Sec 12V 1ML 5D sech

TRAMNSFORMER 120 voit iInput. Sec 10-0-1OV 1A

Ty sech
St My TRANSFOAMER C-120-240V Input. Sec
12512V VA TBp each 10 off €8

DAL TRANSFORMER 0.115-230V Input
Sec 13,50 13 5V VA £1.50 eech 10 off £12

STEWART o: READING

110 WYKEHAM ROAD, READING, BERKS. RGS 1PL
Tol: 0734 68041

Cailers welcome 9 am-5.30 pm Monday to Saturday inclusive

SN
VISA
I

Interak 1

BUILD YOUR OWN
COMPUTER

Where have all the constructors gone? All the people who some
years ago would have been building their own low distortion
amplitiers, their own synthesisers, speaker cabinets, digital
alarm clocks and so on?
From our experience they're still here — what they're building
nowisthe"nterak” computer The troubleis, a supplier ltke us of
the necessary matenals is in dreadful competition in the "con-
sumer” home computer market — flooded with companies
backed by millions of pounds of venture capital, and all
seemingly hell-bentonboomorbusl sowe have to make do with
‘low profile” adverts like this to spread the word

The excitement of computers now goes on in the board-room

wranglings and wheelings and dealings, and mostly there’s no

excitement or sense of participation {eft for the poor oid user,

v Iy used as a pawn in the power game Several years

ere different: the only computers in ordinary hands

hich were painstakingly bullt by the individual con-

tenwithchipscostingfifty poundsatime, which had
c speciailyfrom the USA When you had built a com-

el ke that you had something you could be proud oft There

cre pleasure In butlding your own computer then than

. any number of today's “plastic” computers And as a
usyou hadthe benefit of gaining riches beyond price — the
“ow —theabilitytounderstandwhatreallygoesoninside,

t to be able to see the electrons flowing down the wires
rough the chips!

D W O

o

Those days are not quite gone: you can still build your own rack
zrd card computer — Interak!
Example prices(excluding VAT): 4 MBZ Z80A CPU card €10.95,
tdanual €150, Main Parts £13 41 (everything is available
separately. and full after sales service in case you make a
mistake)
40 type-wnitten pages of description, specification, price lists
etc are your- forihe asking (a 20p stamp and/or SAE is a help,
but not essential, or telephone If you prefer)

L Greenbank

Greenbank Electronics (Dept. T12E), 92 New Chester Road
New Ferry, Wirral, Nerseyside L62 5AG
Telephone: 051-645 3391
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Build and test your
own circuit with the New
Verobloc Kit %@

- »

Try the new prototyping method of building and
testing circuits with the British-made Verobloc kit.
It consists of:

1. Verobloc. 2. A pad of design sheets for planning
the circuits. 3. A component mounting panel for the
larger components, i.e. switches, etc.

You can expand the circuit area by simply
interlocking two or more Veroblocs and, of course,
with normal usage, they can be used time and time
again without damaging contacts or component leads.
The glass nylon material is virtually unbreakable and
able to withstand temperatures from -60°C to +120°C.

So take advantage of our special price of £5 per kit
(including VAT) by completing the coupon below, or
telephone (04215) 62829 (24 hours;. This offer closes
December 31st, 1983.

| ]
OUR NEW CATALOGUE CONTAINING |

OVER 150 NEW PRODUCTS IS
AVAILABLE FROM MID OCTOBER.

BIGG vero

BICC Vero Electronics Limited,
Retail Dept,, Industrial Estate,
Chandlers Ford, Hampshire,

SO5 3ZR.

wish to purchase Verobloc kit/s
ar £5 per kit inclusive of VAT for a total of £
I I enclose my cheque/postal order or Debit my

Access/Barclaveard No. (Delete where appropriote VISA
| T r 1) P e
Name:
Address:

Postcode
I I D D D D D S TS TEEE .
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THE 1984
GREENWELD
CATALOGUE

Now in the course of producticn.
the 1984 GREENWELD catatoaue
willbe publishedinNovember ii's
Bigger, Brighter, Better, more
components than ever before.
With each copy there's discount
vouchers, Bargain List, Whole-
sale Discount List. Bulk Buyers
List, Order Form and Reply Paid
Envelope. Allfor just £1.00! Order
now for early delivery!

MOTORIZED GEARBOX

These units are used in a computer-
1zed tank and offer the experimenterin
robotics the opportunity to buy the
electro-mechanical parts required in
building remote controlled vehicles
The unit has 2 x 3V motors, linked by a
magnetic clutch. thus enabling turning
of the vehicle, and a gearbox contained
within the black ABS housing. reducing
the final drive speed to approx 50rpm
Data 1s supphed with the unit showing
various options on driving the motors
etc Suitable wheels also available

Motorized gearbox price £5.95

3" Dia plastic with black tyre, drilled to

push-fit on spindle 2 for £1.30

{limited gty:

3 diaaluminium disc 3mm thick, drilled

to push-fit on spindle. 2 for 68p.
10W AMP PANEL

Neat board 115 x 62 mm with
Class B output. Uses 2 x 2N5293,
2 x BFY50, BFX29. Supply can be
either 36V or 18-0-18V Input
sensitivity IV for 10W output
Small H/S on board: £2.95. Suit-
able transformer, bridge rect,
smoothing and o/p capacitor:
£5.50. Supplied with circuit/
connexion data,

NICAD CHARGER
Versatile unitforcharging AA,C, D
and PP3 batteries. Charge/test
switch, LED indicators at each of
the 5 charging points. Mains
powered. 210 x 100 x 50 mm
£7.95 )

STABILIZED PSU PANEL

A199 Aversatile stabilized power
supply with both voltage (0-30V)
and current (20mA-2A) fully vari-
able. Many uses inc bench PSU,
Nicad charger, gen. purpose test-
ing. Panel ready built. tested and
calibrated. £7.75. Suitable
transformer and pots £6.00. Full
data supplied.
TTL PANELS

Panels with assorted TTL inc LS
types. Bigvariety. 20 chips €1.00;
100 chips £4.00; 1000 chips
£30.00

RIBBON CABLE
Special purchase of multi-
coloured 14 wayribbon cable
—40p/metre; 50m £18;
100m £32.00; 250m
£65.00

ALL PRICES INCLUDE VAT JUST &

PUSH BUTTON BANKS
W4700 An assortment of latching and
cependent switches on banks from 2
CPCO to 6PCO A total of al
switches for €2.95: 100
S0 £14.00; 1000 £45.00

THE SENSIBLE 64
s new book on the

&4 now available £5.95

TELESCOPE AERIALS
microvision 9 sec-

oo

FERRIC CHLORIDE

New s ilvec — 500myg
bags o ¢ dissolved in
S00m el o

Also abrasive siivg Glock 95p

2N3055 SCOOP!
Made in Texes —

250 for £75; 1000 for £265

MICROPROCESSOR PANELS
Z903 Panel 240 x 165 wit
6821 PIA 6850 ACIA. 404C. 4
LS00. LS367 x 2,555 x 2 all in
plusR’'s.C's, plugs. sockets etc
sub-min relay £5.95

Z904 Panel 240 x 185 mm with & «
4098, 723 all in sockels 14 x 8A 200\
triacs, 45 small signal transisto i
R/C networks 30 x 1N4C01. sub-mn
relay. R's C's, etc £4.95

HEATSINK
Z905 Finned black ally heatsink 125 x
198 x 23 mm with 4 x 2N3055 ana 4 x
OR25 5W R's Only £2.50

VEROBLOC £1 off

Our biggest selling breadboard on ofter
at a special price of £4,10

NUTSCREWS WASHERS & BOLTS
Over 2 million in stock, metric, BA self-
tappers etc. SAE for list -

COMPUTER GAMES
Z301 Can you follow the flashing light/
pulsating lone sequence of this famous
game? Suppliedasa tully working PCBwith
speaker (no case) plus full instructions
Only £4,95
Z902 Probablythe moslpopularelectronic
game on the market — based on lhe old
fashioned pencil and paper battieship
game. this computerized version has
brought it bang up to date' We supply a
ready built PCB containing 76477 sound
effect chip. TMS1000 micro-processaor
chip.R's C's etc Offered forits component
value only (board may be carcked or
chipped) It's only €1.95. Instructions and
circult. 30p.

TREAT YOURSELF TO A NICE NEW
DIGITAL MULTIMETER!"
KDESC A DVM tar a

GREENWELD

443A Millbrook Road Southamoion SO

8]
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YOUR CAREER..YOUR FUTURE..YOUR OWN BUSINESS ..YOUR HOBBY

THIS IS THE AGE—OF ELECTRONICS! '
the worlds fosfest growth industry...

There is a world wide demand for designers/engineers and for men to service and maintain all the electronic equipment
on the market today — industrial — commercial and domestic. No unemployment in this walk of life!

Also — the most exciting of all hobbies — especially if you know the basic essentials of the subject. . . .
A few hours a week for less than a year — and the knowledge will be yours. . ..
We have had over 40 years of experience in training men and women successfully in this subject.

Our new style course will enable You V\:fill do the follawling:
anyone to have a real understanding @ Build a modern oscilloscope

of E*Eclfolﬂici g\* a mﬂdef"‘ practical ® Recognise and handle current electronic
and visual method. No previous components g

knowledge is required, no maths, and : irt g2 S :
an abiselute minumum of theoky. ® Read, draw and understand circuit diagrams

You learn by the practical way in @ Carry out 40 experiments on basic
eagy steps, mastering all the essentials electronic circuits used in modern
of your hobby or to start, or further; a equipment using the oscilloscope
career in electronics or as a self- @® Build and dinital &l T 1
employed servicing engineer. uild and use digital e ?ctron'rc circuits

Al the training can be carried out in and current solid state ‘chips
the comfort of your own home and at @ Learn how to test and service every type
“_:ﬁ:;:":gup:::“ﬁ_.i:‘:;r':niﬁl't’:iea?v of electronic device used in industry and
v L] . .
time, for advice.or help during your commerce today. Servicing of radio, T.V.,
work. A Certificate is given at the end Hi-Fi, VCR and microprocessor/computer
of every course. equipment.

(CACC) British National Radio& Electronics School Reading Berks.RG1 1BR

m‘ Please send your brochure without any obligation to Fam interested in:

H [__] COURSE IN ELECTRONICS

COLOUR BROCHURE
AR

W

NAME _as described above
| RADIO AMATEUR LICENCE
[ ] MICROPROCESSORS

OTHER SUBJECTS
please state below

ADDRESS

OR TELEPHONE US

BLOCK CAPS PLEASE 0734 51515 OR
TELEX 22758

POST NOW TO ' ETI/12/841 (24 HR SERVICE]

NauonalBadm&Electromcs School Reading Berks RG1 1BPLJ
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PROJECT

MODULAR
PREAMPLIFIER

If walls had ears. . . they’d certainly appreciate ETl’s audio
building blocks. Barry Porter surveys the ground and comes up

with a few plans.

and sizes, yet all are designed to

perform the same basic func-
tion —toselectthe outputofagiven
signal sourceand applyittoapower
amplifieratalevel that can be adjus-
ted to give the required power out-
put.

Itis evidentthatno pre-amplifier
on the market satisifies everyones
requirements. Some people must
have tone controls while others will
not entertain them at any price.
Some want moving coil cartridge
inputs, others do not ... What is
reallyrequiredisapre-amplifierthat
can be constructed to suit indivi-
dual needs — a sort of audio Lego
kit!

After much deliberation it was
decided to design just such a unit,
using a mother board system with
the active circuitry on individual
plug-in boards. This makes it poss-
ible to build a pre-amplifier to vir-
tually any configuration by just
changing the mother board, which
consists primarily of busses and
interconnections  between the
boards carrying the signal circuits.

To make this system as flexibile
as possible, the individual building
blocks have been broken down into
the following categories:-

1. Disc amplifier (Moving coil or
magnet)

2. Unbalanced output stage (With

provision for active balance

control)

Balanced output stage

Tone Controls

Headphone Amplifier

Muting Relay Control

Power Supply

ETIDECEMBER 1983

Pre-ampliﬁers come in all shapes

el 1 ~10u]

The first pre-amplifier to be des-
cribedwilluseunits1,2,6and7,soa
description of these circuits will
be given first, followed by details of
how to link them togetherto makea
pre-amplifier that will out-perform
many manufactured units that cost
the proverbial arm and a leg.

It will be noticed that all signal
circuitry is based on the use of
operational amplifiers, and as this
may raise a few eybrows, a short ser-
mon in defence of this practice is
called for. . . In the eary days of
integrated circuits, there was created
adevice known as the 741, Although
this humble chip performed well at
low frequencies, its limitations at
the upper end of the audio spec-
trum rightfully gained itareputation
forsonic nastiness. Fortunately, pro-
gressand evolution have been quite
active, and about five years ago a far
superior device emerged. Called
the 5534, this quickly became the
standard 1C of the professional
audio industry, which consumed
them in great quantities, So it is safe

toassume thatany recent recording
has passed through quite a number
ofthese devices— as many as two or
three hundred in the case of a multi-
tracked original — so no excuses are
offered for-using a few more in the
reproduction chain.

Perhaps comment should be
passed on one or two other prac-
tices. Following a recent discussion
with Martin Colloms, the author
carried out some tests which
showed that certain types of capaci-
tor can degrade the sound of audio
circuits. In particular, the common
polyester types proved to be un-
satisfactory, as did the standardtype
of aluminium electrolytic, especi-
ally when used without a defined
polarizing voltage. For this reason,
all small value capacitors should be
either polystyrene or polycar-
bonate (polypropylene are margin-
ally better than polycarbonate, but
are difficult to obtain, expensive
and very large in size) and the inter-
stage and feedback shunting elec-
tolytics should be of non-polarized

INPUT  MONITOR
‘ SELECTOR o
| DISC InPU =

DISC O—1 “eracs ; ~
TUNER O———————— |
AUX 1O '
AUX 20
TAPE © 5]
TAPE OUTPUT BUFFER
RECORD O |
s
_.\\l
I
PR : —————
be INPUT |- 23;"‘;-;_1
(UNREGULATED)
£ TED-‘] REGULATOR [

} 15-0-15V

TAPE IDPRECT
&
OUTRUT
LEVEL
i

NC ND
—() REMOTE

MUTING J
RELAY e

DELAY
CIRCUIT ’

BALANCE

Fig. 1 Biock diagram of the basic preamplifier.
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construction and should be para-
lleled with a smaller value polycar-
bonate, which helps to flatten the
high frequency impedance curve.
With that little lecture out of the
way, we come to the design of the
pre-amplifier, shown in block dia-
gram form in Figure 1. It consists ofa
disc amplifier stage which may be
for moving coil or moving magnet
cartridges, input selector switch,
level control, active balance con-
trol stage and muting circuit. A
switch marked ‘Direct’ may be
used to bypass the balance stage, so
thatifasourcewithsufficientoutput
capability, such as a Compact Disc
layer, is connected to an auxiliary
input, it may be routed to the power
amplifierwith only the ganged level
control init's path. When the balance
stage is in circuit, the input sen-
sitivity of the tuner and auxiliary
inputs is 200 mV for 1.0 V output
The input sensitivity of the disc
amplifier can be set to match the
cartridge in use, and the input load-
ing may be set to any suitable value
of resistance and capacitance. The
overload margin of the disc stage is
32dB at all frequencies which should
be ample, even with the hot cuts
that are sent to annoy us. On tuner
and auxiliary there will be no over-
load problems, as the level controlis
placedinfrontoftheactive circuitry.
A note of warning here though — it
has been found that the best value
of level controlis 10k chms, as thisis
not likely to cause problems when
the direct path is used. Unfortu-
nately, some equipment requires a
greater load than this for correct
operation, so the choice of level
control value should be made with

due consideration to this.

Now to the individual circuits that
aretobeused, starting with the most
critical which, of course, is also the
most difficult to design and engineer.

Disc Amplifier Stage

Insimple terms, this circuithasto
amplify the output of a pick-up car-
tridge to a higher, more manageable
level, and at the same time apply
equalisation to the RIAA stan-
dard, this being defined by three
time constants: 3180 us and 75 us
(corresponding to 50.05 Hz, 500.5
Hz and 2.122 kHz).

The amount of amplification will
depend upon the output voltage of
the cartridge in use, moving coil
tvpes typically requiring some 20-
25 dB more gain than moving mag-
nets. some idea of the
meagnitudeoithe problem, amoving
coil cartridge with a nominal output
of 0.2 mV at 1 kHz requires amplifi-
cation by more than 9000 at 20 HZ
to give 200 mV at the amplifier out-
put. The RIAA equalisation curve
which, relative to 1 kHz, rises to
+19.27 dB at 20 Hz and drops to
—19.62 dB at 20 kHz, may be
obtained in a number of ways.
Active feedback around a single
amplifier stage is the most popular
— possibly because it gives a good
specification on paper, particularly
inrespect of overload margin, which
is constant with frequency. This
confi%uraticﬂ has some drawbacks,
usually caused by the amplifier out-
put stage having to drive the very
capacitive  feedback network.
Another type of circuit that has
become quite popular uses a pas-
sive network between two stages of

amplification. Subjectively, this
method proved quite successful,
but it suffers from inferior noise per-
formance and greatly reduced high
frequency overload characteristics.

The circuit to be described may
be termed a ‘hybrid’, in that it has
part active and part passive net-
works. In order to keep noise to a
minimum when using a moving coil
cartridge, the technique of forming
the input stage from several transis-
tors in parallel has been employed.
The LM394 integrated circuit con-
tains 100 individual devices divided
into two sets of 50 each. By joining
the connecting leads of each set
together, all 100 transistors are
used. When the circuit is operated
with a moving magnet cartridge, the
LM394 can be replaced by a similar
dual device containing a pair of nor-
mal, bi-polar transistors. Not only
does this help the economics, it
should also be quieter as a better
impedance match is likely.

Figure 2 shows the complete
disc input circuit, and Table 1 gives
the component changes necessary
in order to adjust the input sen-
sitivity to allow operation with a
wide range of cartridges. The input
components, R1 and C1, should be
chosen to accurately load the car-
tridge in use, but as a general rule
should be 100R and 22n for moving
coil cartridges and 47k and 220 pf
for moving magnets.

The operation of this circuit is
quite straightforward. The LM394 is
set at 2mA collector current, which
causes the inverting input of IC2 to
be at 6.3V. The non-inverting input
is therefore biased tobe at the same
voltage. Feedback is applied to the

——AAA—D +15V

c14 _L. _L R1g
+ c6
220u=s 33R
C5 lP]Nj 100n
i 25v | I
-
R8
- ] VY i PIN 7
-ﬂggg G c13
100n
ie1
/d I 2 OUTRUT
ci2
22u R17
-~ RIS RI16 16v 47k

B4ks  3kE3 NP

R13* R14*

INPUT O l
R1* I

R13*

BN @

NOT c2 +| c4

IC1 1S LM394 = 470u c3 == 220u R12

1C2 IS 5534 + 6va 100n 25Y

IC3 IS 5534 o c8 €17
<R1,C1 SEE TEXT 220u 100n

*R9,11,12,13,14 SEE TEXT

AND TABLE 1
RA R6
%15 13k7

Fig. 2 Circuit diagram of the disc preamplifier stage.

220uii C
100
NP I " ,,J; 4_| ci15 I
== 2204 A1a

T 25v 33R
L'vv\;\-—o _15v
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——PROJECT : Modular Preamplifier

emitter of the LM394 by R9, which,
together with the 100 ohm shunt
resistor R4, sets the gain of the first
stage. This may be calculated from:

R9
A(dB) =20 log (1+1755)

An important consideration at
this point is signal overload. This is
measured by applyingarange of fre-
quencies that have been subjected
to inverse RIAA equalisation, and
is stated as the amount that the
input level can be increased above
its nominal rating before the output
signalis clipped or severely distorted.
As the rated output of the disc
amplifier is 200 mV and clipping
occurs at about 8.0 V, the overload
margin should be:

8
20 log (0.2) = 32dB
atallfrequencies. As noequalisation
takes placeinthefirststage, care has
to be taken to ensure that high fre-
quency overload does not occur —
remember that the 20 kHz input
level will be at +19.62 dB — which
means that the rated input level
multiplied by the first stage gain
must not exceed (19.62+32.0) =
51.62 dB below 8.0 V, or about 21.0
mV. A quick calculation based on
the gain settings given in Table 1
showsthistobethecase,and conse-
quentiv a full 32.0 dB overload
margin will be maintained through-
out the audio spectrum.
Following the input stage, a

passive network provides the 75us
time constant (3400x22n= 74.8us)
and a network in the feedback cir-
cuit of IC3 gives the 3180us and
318us breakpoints. The 36n capa-
citor, C11, with R15+R16 fix the
first point (36nx(84.5k+43.83k) =
3179.88us), and the same capcitor
together with the series-parallel
combination of R13, 14, 15 and 16
fix the second. Table 2 gives details
of the RIAA characteristic over a
range of frequencies so that perfor-
mance of the disc stage may be
checked for accuracy, which, with
the specified components will typi-
callybe towithin 0.1 dB between 20
Hz and 20 kHz. Stray capacitance
may affect the extreme high fre-
quencyresponse, butthe prototype

PARTS LIST_____

|
[
ingut 1st65ati'a1ge e RTT e ks al Disc Amplifier (one channel only)
0.1 mV 41.0 dB 11k0 536R 21R5 8k87 412R || Resistors (all 1% metal glaze or
0.2 mV { Moving 35.0 dB 5k6 536R 21R5 8k87 412R 1| metal film}
0.3 mv (coil 31.48d8 3k65 536R 21R5 8k87 412R R1 see text
0.5 mV 27.0 dB 2k15 536R 21R5 8k87 412R R2 4k32
2.0 mV 20.0 dB 887R 909R 82R5 8k06 806R | R3 7k15
3.0 mV { Moving 16.48 dB 562R 909R 82R5 8k06 806R R4, 7 100R
5.0 mV | magnet 12.0 dB 301R 909R 82R5 8k06 806R R5 5K6
8.0 mV 7.96 dB 150R 909R 82R5 8k06 806R R6 13k7
| R8 1MO0
Table 1 Component values for the disc amplifier stage. 5‘130 ;iitext
f(H2) dB f(Hz) dB f(Hz) dB A1 1Za13. 04 S et
0 +19.911 100 +13.088 10k —13.734 R16 3K83
5 +19.868 200 +8.219 15k —17.157 R17 o
10 +19.743 500 +2.648 20k —19.620 s 19 s
20k +19.274 1k 0 (Ref) 30k —23.117 2
30 +18.593 2k —2.589 50k —27.541 Capacitors
40 +17.792 3k —4.740 100k —33.556 c1 see tex!
50 +16.946 5k —8.210 C2 470u 6V3 radial
electrolytic
Table 2 RIAA equalisation characteristics of the disc amplifier. 39,13 1032|35£r‘é0nate
| C4,14,15 220u 25V radial
electrolytic
| Cs5 10pf 160V 2%%
{ polystyrene
L | C6,10 22pf 160V 2%
. | polystyrene
G 7 22n 63V 1%
o | ' polystyrene
y | C8 220u 16V
; non-polarised
| electrolytic
s ‘ 5 L cn 36n 63V 1%
= E = polystyrene
Cc12 22u 16V
1 non-polarised
electrolytic
C1e, 17 100n 100V
polyester
PH2 Semiconductors
; L ICT LM394
} 1C2, 3 NE5534
N p Hr,_r,w-&r«,—zu,a i Miscellaneous
5 2 2 2 & 5 | SK1 6 way PCB socket
2 5B | SK2 8 way PCB socket
'Y PCB:
Fig 3 Component overlay of the disc amplifier PCB. = _'“»
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was still accurate to within 0.5 dB at

100 kHz, which should not cause Control Calibration Imbalance

undue concern. There is no par- 2 1.81dB

ticular merit in having equalisation 4 3.67 dB

this precise, but as the network 6 5.61dB

design is so simple, there seems no 13 13'33 ‘;E

pointin not keeping things as tidy as ’

possible. (For anyone interested,

the author can provide a T159 pro-  Table 3 Characteristics of the balance control

gramme that calculates the RIAA

deviation, at any frequency, to an Record Output Level Gain R6 R4 C2

accuracy of 8 decimal places!) 499.5 mv 7.95 dB 1k50 1k 100u
1.0V 13.99 dB 4k02 1k 100u
1.2 V (0 VU) 15.72 dB 5k11 1k 100u

Unbalanced Output Stage
This stage, which incorporates
an active balance control, is placed
immediately after the main level
control. The same circuit is used, T+ AAAN——O 415V
without the balance facility, as a gfr_lg syl Son
tape recorder output buffer. As zsﬂl ""’“/l
shown in Figure 4, it has been £A EINY
designed to allow a limited amount
ofimbalance between channels — a bl
maximum of 10 dB — with sufficient INPUT ;
gain to raise the 200 mV input sig- » A3
nals to the 1.0 V rated output of the mo 330k
pre-amplifier. The balance control
operates by changing the amount of
feedback around the amplifier stage.
Thismethod preservesagoodsignal RETES
to noise ratio and overload margin
while giving a well controlled image
shift. Table 3 shows the amount of
imbalance between channels at P 2
different positions of the control, PIN&
and it will be seen that the calibra- o -
tions are typically accurate to 3T 100m
within 0.5dB. NP,I l AAAA O—15V
Note that the output capacitor Zgg,g_]_ cr L g
of the stage is within the main feed- zsv/I+ ‘°°";|;
back loop of the amplifier. This is
done for two reasons — it helps to Fig. 4 Circuit diagram of the unbalanced output stage.
counteract any effects introduced
by the capacitor, and it avoids the
danger of any DC voltage appear-
ing on the control potentiometer
which wouldintroduce noise when-
everthe control was operated. There

D> G-
have recently been some sugges- - :
tions that all passive components, E ic1 % @ ic3 5
such as switches, connectors and - '
) Y=

potentiometersshould be provided
cs

Table 4 Component values for the tape output buffer.

22p

I O OUTPUT

22y R7

8V 47k
f

w O

with a DC bias voltage, as this helps

o BT o
to provide clean contacts for im- 1G4
proved signal transmission. The EE £ "
theory behind this may be well I X

founded, but long experience with
recording studio mixing consoles,
where it is quite common for DC to
appear in all sorts of unwanted I i !m 4
places, has shown that the working -
life of components subjected to this
treatment is drastically reduced, so Ay
they need replacing much earlier e
than similar ones that have re- g =
mained free of DC voltages.

The same stage is also used as a
tape recorder buffer, with points A Fig. 5 Component overlay of the unbalanced output stage PCB. Note that this
and B linked together and changed  board is for stereo operation and therefore carries two complete output
values for R4, R6 and C2. R4 should  stages.
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become 1k ohm, C2 should be
changed to 100u 16V non-polar-
ized and R6 chosen to give the
required output level according to
Table 4.

The importance of buffering the
tape recorder output, as shown in

S

LEFT CHANNEL

A
L-" cw BALANCE CONTROL
1k LINEAR,
DUAL GANGED
B
RIGHT CHANNEL
N —
CW——
o
2 . 2
. .
4q o4
Ew LR
g® oy
.
10° 10

BALANCE CONTROL
CALIBRATION

Fig. 6 Balance control connections
and calibration.

PARTS LIST
‘ Unbalanced Output Stage
Resistors (all 1% metal glaze or
metal film)
R1,5, 8, 12 1MO0
| R2,9 1k0
R3, 10 330k
| R4, 11 191R
| R6,13 270R
R7, 14 47k
R15, 16 33R
Capacitors
C1,8 330n 250V
polycarbonate
C2,9 470u6V3
non-polarised |
electrolytic
C3,7,10,14 100n 250V
polycarbonate
ca, 11 22pf 160V 272%
polystyrene
5,12 10pf 160V 2%2%
polystyrene
C6, 13 22u 16V
non-polarised
electrolytic
C15, 16 220u 25V radial
electrolytic
C17,18 100n 100V
polyester
Semiconductors
1C1, 2 NE5534
Miscellaneous
SK1, 2 10 way PCB sockets
| PCB:
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Figure 1, must be stressed. Without
the buffer stage, the recorder input
would be connected directly to the
main signal path of the pre-ampli-
fier. There is nothing wrong with
that, provided the recorder is
switched on, but some recorder
input circuitry can appear very non-
linear when it is not powered, and
this could introduce high levels of
distortion into the pre-amplifier.
The buffer stage also presents the
opportunity to introduce gain into
the record chain, and avoids the
dangerofarecorderwithalowinput
impedance loading the output of
anyother piece of equipmentthatis
connected to the pre-amplifier.
The output levels given in Table
4 should be suitable for most appli-
cations, but any other gain setting
can be used, calculating R6 from:

R6 = 1000(G-1).
Muting Relay Control

Although not absolutely essen-
tial, thissimple circuitwillmore than
pay foritselfthefirst time you switch
your equipment on in the wrong
sequence and it saves your speakers,
eardrums or central nervous system
from instant destruction. The circuit
(Fig. 7) controls a relay which, in its
relaxed state, shorts the main signal
outputs to earth via R4 and R5. This
means that the signal does not nor-
mally pass through the relay con-
tacts, and is therefore unaffected by
their presence. When power is
applied to the pre-amplifier, the
relay remains relaxed until the
voltage on the base of Q1 has risen
to 0.6V when Q1 and Q2 turn on,
opening the relay contacts that are
shorting the signal to earth. The 560
ohm resistors are in series with the
output signal to prevent the output
amplifier stages from being over-
stressed bv the short circuit condi-
tion. Note that power to the relay is

supplied from both rails, so that if
one rail is not present, the output
will remain muted. This eliminates a
situation where, if the negative rail
has failed, a 5534 will sometimes
oscillateatafrequencyapproaching
that of Heathrow Air Traffic Control,
causing havoc to tweeter voice
coils, bats and Boeing 747s.

The 6.8 V zener diode ZD1 will
normally be connected to earth ata
convenient point but, if headphone
amplifiers are to be fitted, it may be
earthed via the break contacts on
the phones jack socket. Insertion of
ajack plug will then de-energise the
relay so that the main outputs are
muted, and also apply power to the
headphone amplifiers so that the
programme is played only through
the headphones. The relay is also
used to provide remote switching
for use with active speakers and
other ancillaries.

Power Supply

This is based on IC Regulator
types 7815 and 7915 (Fig, 8).ldeal-
ly, these should be mounted within
the pre-amplifier with the transfor-
merand main smoothing capacitors
separately housed and placed some
distance away to minimize the
danger of hum pick-up. If the com-
pletesupplyis contained within the
pre-amplifier case, itis essential that
atoroidal mains transformeris used,
as the problems of screening will be
considerably reduced.

Although the power supply
appears simple, one or two tips may
be in order. The 0.1uf capacitors,
C4,5,8and 9, should be mounted as
close to the regulators as possible,
and care should be taken to estab-
lish a single earth path from the
transformer centre tap to the OV
output. Contact suppressors should
be connected across the mains
switch as shown. The power ‘On’

R4

WUTING RELAY CONTROL 5608
+ O 18 N I LEFT
oouT [ CHANNEL
TO OV ALAY _,f'r'
(SEE TEXT | /5
NO 560R
I IN } RIGHT
CHANNEL
P ] out
S4 . | o REMOTE
i |
|
L <) 15V
=i
! AAAS HEADPHONE
S [ AMPLIFIER
! | SUPPLY
|
A1 o O 16V
BBOR
NOTE:
Q1 1S BC184
Q2 IS 2N3053
O=18V D1,2 ARE 1N4148

Fig. 7 Circuit diagram of the muting relay control.

ZD1 1S 6V8 ZENER
RLA1T ISRSTYPE RELAY
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LED is connected between both
stabilized rails so that it acts as an
indicator thatallis well inthe power
supply department. The regulators
do not require heatsinks when only
the basic unit is constructed, but if
headphone amplifiersareincluded,
IC1 and IC2 should be mounted on
standard T0220 finned heatsinks, or
attached to the metal chassis using
the insulating washers supplied
with the devices.

Construction

The individual ‘building block’
circuit boards should be fitted with
interconnecting sockets -which
mate with matching plugs on the
mother board. The contacts of the
recommended connectors are on a
0.1” pitch so that if necessary, Vero
board can be used for the mother
board, and indeed, for the plug-in
boards as well if you do not want to
go to the expense of obtaining
proper printed circuit boards.

Suitable cabinets are available
from such suppliers as West Hyde

Developments and Maplin, who
canalso provide the front panel con-
trols There are no special require-
ments for these except that they are
of a reasonable audio grade. The
input selector switch, which needs
tobea2 pole4 position type, should
be purchased as a 4 pole variety so
that each contact can be doubled
up for reliability. It is not necessary
that the switch contacts are gold
plated, providing they have a good,
firm wiping action, so any build-u

of deposits is removed with eacﬁ
operation. The potentiometers
should be good quality carbon or
cermet types with multi-contact
wipers. |f they can be obtained, the
special audio controls from the
larger Japanese suppliers, such as
Alps, are of very high quality, and are
not expensive. |t has already been
suggested thatthe bestvalue forthe
level potentiometer is 10k ohms,
although if this is likely to cause
loading problems, 25k is accept-
able. It is worth remembering that
the Japanese D law is preferable to

the usual logarithmic law, as it gives
amuch smoother control of the out-
put. Toavoid the image shifting with
different settings of the level con-
trol, the two sections should be
matched to within 1dB over most of
their travel. The balance control
should not suffer from this short-
coming, as linear potentiomenters
are normally made to tighter toler-
ances, but as a general rule, the
better quality the component, the
greater is the chance of accuracy.

If lever or toggle switches are
used for the tape monitorand direct
functions, these should have con-
tacts that are suitable for low level
audio use, and again, suppliers such
as Alps seem to have got the problem
licked. Phone sockets used for sig-
nal connections should preferab%y
be gold plated, and must be isolated
from the chassis. This can prove dif-
ficultif the rear panel is thicker than
about 1.0 mm, as mostavailable soc-
kets do not have sufficient length of
threaded bush to pass through a
thick panel as well as the insulating

. A | o PARTS LIST
com J J- o A a = -
Akt L ca A+C6 ca k2
S T 1000 §;‘3" = 100n
-,‘ < &h['; Power Supply and Muting Circuit
o 0oV Resistors oRl)
: R1 o
. e l 3 R2 100k 5%
T == = 2200 ==c A R3 390R 1W 5%
-J- R4, 5 560R 1% metal glaze
com or metal film
0,
%
o N - ouT | i R6, 7 1k2 5%
Fig 8. Circuit diagram of the power supply. gipacitors 1004 254 radial [
u 25v radia
electrolytic
C2,3 220u 35V radia!l
electrolytic
. . C4,5,8,9 100n 100V
HEAS e @ @ polyester
Dilcile Cé6,7 220u 25V radial
1e1 ic2 :
E electrolytic
o e = |
Cedr Ry =it |
& o s Semiconductors ;
0k i e IC1 7815
o8 1C2 7815
— E Q1 BC184
Q2 2N3053
D1, 2 1N4148
sml | _o.sz I sg;;[ —l ZD1 6V8 400 mW zener ;
J l l LA R | 'R l vy o Miscellaneous
ZhLEEES—>> AR LEREA AR $K1,3 10 way PCB sockets
oQHuGE 3 27 T 33 2 2 3 um SK2 6 way PCB sockets
"g EgfEE iy e B PCB: heatsinks and nuts, bolts, etc to
o 3 2 E g; INELT OUTPUT suite (see text); 12V 185R 4 pole |
B 5 changeaver realy, continental series.
2 .
¥3 i

Fig. 9 Component overlay of the power supply and muting relay control PCB.
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washers. One solution is to mount
the connectors onto a piece of
fibreglass circuit board materialand
drill clearance holes in the panel.
The internal construction is
quite  straightforward. Vertical
guides should be mounted on the
mother board to locate and support
the individual circuit board, and
care should be taken to ensure that
the signal earth is not connected to
the chassis at any point — for exam-
ple, chassis mounted power supply
capacitors should be checked to
make certain that their cans are not
earthed by their mounting clips.
Individual screened wires should
be used to connect the rear panel
sockets to the mother board, with
twisted lenghts of 16/02 stranded
wire carrying the DC supplies. If a
separate power supply unit is used,
a 7 pin DIN socket should be em-
ployed to connect this to the pre-
amplifier, but be sure to use the
heavy, cast type, as the common
lightweight ones can easily be
plugged together upside-down,
with obvious consequences.
Amajorproblemwithhome con-

s % | '\ ’_‘ 18Y

structed equipment is usualiy
caused by the earthing techniques
employed. Thereis nosecret pathto
success— justusethe same method
that manufacturers use — its called
trial and error! There are one or two
rutes to follow, such as making the
earth follow the signal and separat-
ingthesignal cutputand powersup-
ply earths, but once the unit is
working, the best earthing arrange-
mentis usually found by ear. Figure
11 shows, invery simplified form, an
earthing arrangement that was suc-
cessful in the prototype. The most
difficult job was to prevent the unit
from being extremely sensitive to
external hum fields, such as those
generated by the mains transformer
in a typical power amplifier. Even-
tually a cure was found by breaking
the rule that the signal earth con-
nects to the chassis at the input of
the mostsensitive circuit. Forinstan-
ce, the most satisfactory arrange-
mentwasto connectthe earthatthe
output of the disc amplifier stage to
chassis. This eliminated all traces of
hum pick-up, but turned the pre-
amplifier into a very good radio

NOTE

BR1 1S 100V 2A BRIDGE RECTIFIER

F11S 500mA FUSE

T11S ILP TYPE 12014 (30VA) TRANSFORMER

L

|
|
|
|
|
|
|

MAINS T -.I\

T

[nv

i
4700u
35V 7

M+

gz

m

L5y
TO PRE-AMPLIFIER
CHASSIS EARTH POINT

IRE R

4700u 1+

3BV T

—t—

Fig. 10 Suggested circuit to feed the regulated power supply.

ALL SOCKETS ARE
ISOLATED FROM
THE CHASSIS

7 PIN DIN
DISC TUNER AUX1 AUX2 TAPE RECORD OUTPUT B LY
f;' -?.;ro
1000p % %b MONITOR
TO INPUT ERiGh
SELECTOR

J

TO DIRECT
SWITCH

CT

EARTH BUSS

TO DIRE
| “swiveH J oV FROM
! 4

POWER SUPPLY

: : TAPE QUTPUT  POWER
DISC AMPLIFIERS Sl Frch AMPLIEIER  SUPPLY
L] -‘l
o o |
=
CHASSIS I_____] oN
EARTH
INPUT BALANCE g
SELECTOR MONITOR o FHECE

LEVEL

Fig. 11 A possible earthing arrangement.
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receiver. Thiswas cured by connect-
ing a 1000pf ceramic capacitor be-
tween the shell of the disc input
sockets and the chassis (and in
doingso, losingaveryinteresting CB
conversation between Naughty
Nora and The Cannonball!).

Once construction is complete,
power should be applied to the
mother board without the indivi-
dual boards present. Providing all is
well, the power supply regulator
board should be plugged in and the
busses checked to ensure that the
15-0-15 V supplies are operating
correctly, which means that each
rail should measure between 14.5
and 15.5Vwithrespectto earth. The
muting circuitshould next be tested
— correct operation being indica-
ted by the relay operating about 5
seconds after power is applied.

The remaining circuit boards
may now be plugged in and the
completesignal path checked. Ifthe
unit appears to be working correct-
ly, leave it switched on for ten to fif-
teen minutes, then place afinger tip
on each ICin turn. None should be
more than warm to the touch, in-
cluding the supply regulators. If any
deviceis hot, thisisasign thatexcess
currentis beingdrawn, so start a sys-
tematic search for a wrong compo-
nent or assembly fault. If any of the
5534 ICs are not working, check the
DCvoltages on the connecting pins.
Pin7 should beat +15 Vand Pin 4 at
—15 V. Ifthese are correct, Pins 2, 3
and 6 should all be approximately at
0V, and if thisis not the case, the IC
may be suspect. The easiest way to
proceedistochangethe devicefora
new one, but if this does not bring
abouta cure, the fault is likely to be
with one of the associated passive
components — for example, the
small value polystyrene capacitors
can be prone to shorting if too much
heat is applied during soldering.
Should the one between Pins 5 and
8 of a 5534 become shorted, the IC
will not work, and will give every
indiction that it is faulty.

Once all is working, the unit
should be connected to a power
amplifier and speakers and the sys-
tem checked for excess hum. The
chancesarethat there willbe plenty
of this in evidence, so the trial and
error procedure must be adopted
untilitis elminated. Try earthing dif-
ferent parts of the pre-amplifer
signal earth path to the chassis with
ashortlength ofthick wire. Oncethe
position that gives minimum hum
has been found, short out the disc
input sockets and check that the
hum output has not increased. If it
has, continue with the trial and error

61

)



PROJECT : Modular Preamplifier

exercise until optimum earthing has
been achieved, then install perma-
nent wiring where necessary.
Once it's working, what can you
expect? It is nice to report that the

BUYLINES

performance of the prototype was
well up to expectation. Distortion
was virtually unmeasurable, being
equal to the test equipment resi-
dual on the- auxiliary inputs
(0.0018%), and well down into the
noise on the moving coil inputs.
Signal to noise of the moving coil
stage was better than —75dB (A
weighted, 0.5 mV input, 0.5 V out-
put). The RIAA equalisation curve
was within 0.15 dB between 20 Hz
and20kHz, and crosstalk was better
than —65 dB at 20 kHz and —83 dB
at 1 kHz.

Subjectively, the unit sounds
cleanand analytical. Humand noise

The PCB plugs and sockets are avail-
able from both Maplin and Ambit,
although neither carries a full range so
you might have to buy from both. The
relay is available from Watford Elec-
tronics. Note that no provision has
been made for the use of a relay soc-
ket, so if you prefer to use one you will
have to adjust the pads on the PCB.
You could, of course, use any other
four pole relay with a coil operating
voltage of 30V or less by adjusting the
layout and the value of R3. Several dif-
ferent types of heatsink would be suit-
able or if you prefer, you could make
your own quite simply. Some of the 1%
tolerance resistances are in the E24
range which is widely available but
others are in the E96 range which is

can be produced by placing two E24
values in series, and doing so will
neither compromise the tolerance
figure nor introduce extra noise.
Maplin and Electrovalue supply non-
polarised electrolytics but in axial, not
radial, form, and again you might have to
doalittle juggling to get the right values.
We are hoping to make a complete kit of
parts for this project available, but were
unable to make the arrangementsin time
for details to appear in this issue. Mean-
while, if any one out there can supply the
1% resistors and non-polarised capaci-
tors, let us know and we'll give you a
mention. :

Note that the PCBs for this project will
NOT be available through our PCB
service.

never intrude and dynamiCS are not. If all else fails, most of the values

handled with an ease that leads the
listener to believe that it will never
overload; in fact it is all that a good
pre-amplifier should be, in that it is
the quality of the source material
that decides the quality of sound
coming from the speakers.

The second part of this article in next

mother board and the three remaining
month’s ETI will contain details of the

modules.

ETI

LB ELECTRONICS

THEATRE & BAND
LIGHTING

12 x 1K LESS THAN £200!

The days of hiring your electronics are over.
You knowwe manufacture arange of power
packs, desks, lanterns, stands, etc. NOW
WE ARE PLEASED TO INTRODUCE THE
APD SERIES OF MODULAR DIMMERS.
Incorporating technology that allows the
control of Inductive as well as resistive
loads, you build a system exact to your
requirements, and save a fortune in pro-
cess. So where is the sense in hiring????

FRUSTRATED EXPORT ORDER BRAND NEW
& BOXED. EPSON FX80 PRINTERS £350.00
+ VAT (carriage £12 tnt)

GOULD MMG 5-10 switched mode PSU 5 volts 10 amp 220 Volt
input size approx 6%"x2%"x3%" weight 1 kilo £25 p/p £3.
MAINS FILTERE amp 250 vac 2" x2"%"x3"%" with builtin IEC mains
plug £3.50 p/p £1.50.

PRESTEL monitors 6" green phosphor screen 12 digit keyboard
printer port, cassette port, keyboard port (for full gwerty keyboard)
Brand new and boxed £175 + VAT.

Atthe time of going to presswe are attempting to modify these units into a com-
puter terminal with built in modem. Please phone for details

DISC DRIVE BONANZA

TEAC FD-55F %2 Height DSD 80 track/
40 track selectable at our new low price £199 + VAT

PAPST 3” Box Fan 220 volts 50hz require
1uf capacitor

£7.95p/p £1.00
Justarrivedfull gwerty keyboard plus numeric pad completely cased
(x equipment) believed to be RS232 £16.95 (callers only)

25 WAY ‘D’ Types, plugs £1.85, sockets £1.85 (solder tail) p&p
30p. Telephone for bulk prices.

Brand New Vero Card racks 3u 24 slot £12.00 (callers only)

Twin 5” Cabinets with power supply £40.00 + VAT (providing a
disc drive is purchased from us, if drives purchased elsewhere
£50,00 + VAT)

9” Green Phosphor Monitors Brand New and Cased Composite
Video Input 18mhz band width £80 + VAT each (carriage cost)
Brand New 13" Colour monitor fully cased. Full warranty 540 x
236 pixel. RGB TTL Input plus apple Input £220 + VAT
(carriage at cost).

BNC Lead Bonanza coax lead with BNC plug at one end, 2 metres
plus £1.00 p&p 30p and 10 metres plus £2.50 p&p 75p

= LB ELECTRONICS

Contact our sales for free infor:
The Sales Manager

MJL SYSTEMS LTD
45 Wortley Road
W. Croydon CRO 3EB
Surrey, U.K.

Tel: 01-689 4138
(Mon-Fri 9-5pm)

Americar,

Express
11 HERCIES ROAD, HILLINGDON,
MIDDLESEX UB109 LS, ENGLAND

TEL: UXBRIDGE 55399
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ULTRA VIOLET SENSerE‘E / '|
COPPER CLAD LAMI ]

Will reproduce tracks down to .01 inch {

Positive & Negative Resist Systems for high

quality PCB production. - Economic packs at very

Fullrange of compiementary chemicals and process equipment available.

PHOTO RESIST KIT

Complete kit containing artwork PCB, and all necessary process

Top gquality glass fibre with 1 oz Cufoil
A 1
b & |
competitive prices direct from the innovators & manufacturers.
materials. Order ref HB/2 £24.50

ER:I'WORK LIGHT TABLES &
UV EXPOSURE UNITS

Low cost, purpose designed units
enabling high standards of design and
reproduction to be achieved.

UV EXPOSURE UNIT AND
ARTBOX iilus)

A portable ready made unit containing two 8 watt UV tubes giving a
6" x9"” exposure area which may also be used as a light box with the UV
filter supplied. Order ref UV2 £64.50

DIY UV EXPOSURE UNIT

Perfect results everytime. Kit contains: Lamp, Holder & Shade together
with full instructions for DIY Unit which offers PCB, Precision Photo,
Label & Panel manufacture. Order ref UV1 £27.50

FOTOTOOL - DAYLIGHT
PHOTOGRAPHIC PCB
LABEL & PANEL MAKING
SYSTEM

Daylight handiing - UV exposable.
Fototool provides highly professional
photographic masters - either positive or
negative - for high quality PCB
reproduction - Fototool films exhibit
superb resolution, stability and high
image densities normally only found in
professional darkroom films.

Fotopanel complements Fatofilm with a range of 10 highly attractive
backing eolours | including brushed aluminium |, and enables
professional labels & panels to be made simply and cheaply.

FOTOTOOL KIT

Containing artwork, film and all the necessary process materials required
for professional quality labels and panels. CAN ALSO BE USED TO
PRODUCE PRECISION PCB PHOTOMASTERS. Order ref HB3 £23.00

PRINTED CIRCUIT ARTWORK AIDS

Three comprehensive stock ranges to suit
all preferences including dry transfers,

printed acetate and crepe. Precision track
tapes, pads, DILMICROLOGIC PATTERNS ETC
Includes etch resistant symbols & tapes

DIRECT ETCH KIT

COPY DIRECT FROM MAGAZINE or OWN
DESIGN. Simple system - Compilete kit
containing PCB, Pattern Transfer & Etch
Resist Sheets, Tray & Etchant, Copper
Cleaning Block, Gloves & full instructions
Order ref HB/1 £15.50

PCB HARDWARE
* CASES & BOXES

% PCB MOUNTING & AIDS
* CONNECTORS & PINS

* TERMINALS
* DIL SOCKETS

)
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The Comp@cfe Printed Circuit Worksho

COMPUTING AND ELECTRONICS

Project development materials
A

P

COMPUTER ADD-ON/
INTERFACE
PROTOTYPING =
SYSTEM

This system, designed and manufactured by Kelan, provides an
attractively styled moulded case, pre-patterned PCB, 28 way conpector,
user part extender, and 9 way PCB mounting 'D’ connector to add-ons.
Custom designed circuits may be easily built from this kit with a highly
professional finish, Order ref HB/2090 £9.50

Easy Add-ons for ZX Spectrum & ACE

17 exciting electronic projects to build and run your own micro.

® LIGHT PEN @ WEATHER STATION

@ PICTURE DIGITISER ® + OTHER EXCITING &

@ KEY PAD INTERESTING PROJECTS
® MODEL CONTROLLER

REALISE THE REAL WORLD POTENTIAL OF YOUR MICRO

A newly released book written by well known author Owen Bishop and
published by Bernard Babani gjves full descriptive details on how to
build all 17 projects - all are fairly simple and inexpensive to construct
The most complex component {the DECODER) is supplied in kit form
ready to assembie with all components and plated through PCB. -

) Companents forthe projects are readily available locally or found in your

workshop drawers,

Simple programmes are included to get you started but of course the
more experienced programmer can have hours of fun writing complex
programmes. Please state computer when ordering.

Order ref HB/2000 “EASY ADD-ONS” BOOK

+ DECODER KIT £24.00
Order ref HB/2001 “EASY ADD-ONS” BOOK ONLY £3.00
Order ref HB/2002 DECODER KIT ONLY ~ f£22.00
Order ref HB/2003 DECODER PCB ONLY £8.00

BBC MICRO INTERFACE

Initially designed to interface the acorn BT Micro with turtle type
robotics this unit, supplied in kit form, provides 8 control outputs
and 4 Data inputs providing a useful interface to operate numerous
control applications. Order ref HB 2030 £26.50

. HOBBYBOARD CATALOGUE
Newly Published Full Catalogue price £1.50 (refundable with
1st order over £10)

‘ Please send by return:-

l aTyY | REF | DESCRIPTION PRICE | TOTAL
I Full Catalogue (see above) | £1.50
I VAT & cerriags (LK), PI TOTAL
I. ra 1 s PO's o7 sic derswelcomed
I NAME _ — o == —
I ADDRESS =
I _ ) A2 1238
l B “JJ‘ T adivision of
ol JOMT MJ&L KELAN ENGINEERING Ltd
I o | Hookstone Park
Harrogate, N. Yorks
| complete P.C.B. workshop
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TECH TIPS

Latching Switches

Clive Pantrey,
Farnborough.

This circuit allows individual,
momentary-action, push to make
switches to be used in a ganged,
latching mode for logic or low level
audio signals.

When a switch is pressed the
common reset line of all the latches
sees a momentary ground, through
C1 and its associated diode, this
resets the previous selection and
allows the selected output to
latch.

A number of different devices
couldbe connectedtothelatchout-
puts to provide various types of
switches, bi-lateral switches are
shown on the circuit. Further stages
can be added to the bank as re-
quired, by connecting to points A
and B.

NOTE
1C1,2 ARE 4011
1 D14 ARE 1N916

Linear to Log
Convertor

D. R. Fowness
Wolverhampton

This logarithmic generator utilises
the inherent antilogarithmic trans-
conductance of the transistor func-
tion, and works around a feedback
circuit that balances the input
current.

The input amplifier, ICI, ensures
that the collector current of Q1 is
equal to the input current. The
reference current will be equal to
the collector current of Q2. Transis-
tors Q1 and Q2 should be a
matched pair, and be mounted in
thermal contact.

The voltage at the non-inverting
input of 1C2 will be:

VbeQZ _VbeQ1

but
V = kT Ic
beQ1 q x log (TE)
and
\Y = kT Ir
beQ2 q X log (E)

so that the voltage at IC2 non-
inverting input will be:

64

==y Y
T S
L TO FURTHER SWITCH
SECTIONS IF
T REQUIRED
n B
EI]O lr) . Yy
q 28\l (ie the gain) is given by (R1+R2)/R1.
The scaling factor is equal to the
where numberof output volts correspond-

lC = input current

Ir: reference current

|, = reverse saturation current
T = temperature

k = Boltzman's constant

g = charge on an electron

At room temperature, kT/qgq is

approximately 0.26 mV.
The scaling factor of amplifier IC2

REFERENCE

CURRENT

ing to one decade change of the
ratio. R1 is the thermistor which
should be chosen to compensate
for any change in temperature and
so maintain a constant gain.

The output voltage will be
given by

(R1+R2)

lc)
0.26 log (<
RT 5208,

Note that all the logarithms are in
base e, and not base 10!

D

a1

INPUT \
CURRE
RENT 61

R1
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Car Fan Control

J. N. Swanson,
Sheffield.

|f, like me, youownanold carwitha
conventional fan, driven from the
engine, a worthwhile improvement
canbe obtained by fittingan electric
fanin its place. These can readily be
bought for about £5 from a scrap
yard. The advantages gained are
better fuel consumption and lower
engine noise particularly at high
revs.

Aproblem arisesinfindinga suit-
able switch to operate the fan at the
required temperature. Most of the

ETIDECEMBER 1983

switches fitted to the cars are fitted
in a threaded hole in the side of the
radiator which means that most
scrapyardsare unwilling to separate
the two. For this reason | have
designed a circuit to switch on the
fan using the existing temperature
sensor for the temperature guage.
The voltage regulator on the car
usually works by interupting the
supply so as to provide an average
level ofabout 10V. Because of this, a
fair bit of smoothing is required in
order to stop the fan switching on
and off with the regulator. A zenner
diode providesa 10V supply for the
op-amp and the reference voltage.

De-Luxe AB Box

Marcus Valentine,
Stafford.

This Audio line signal routing device
was designed for one of those
guitarists who feel in-
secure unless they are
surrounded by numer-
ous effects boxes, but who wish to
have more control overthem collec-
tively. It has two modes: single and
dual.

In the single mode, depression
of the footswitch noislessly re-
routes the signal path from going
through chain A, to chain B, a chain
being either a straight jack to jack
lead, an effect, or a series of
effects.

Inthe dualmode, thesignalis re-
routed through chain A followed by
chain B, and on depression of the
footswitch (here’s the clever bit) is
re-routed to chain B followed by
chain A.

The two LEDs indicate the chain
selected in the single mode, and in
the dual mode the first chain.

Theflip-flopbuiltaround N1 and
N2 ensuresthat the bilateral switches
used change state cleanly and
quickly, and more importantly, at
the same time.

Current consumption, which is
set mainly by the LEDs, is low
enough to allow a PP3 to be used as
power. The LEDs were considered
essential for ease of use.

The device can be conveniently
constructed in an aluminium box
measuring 10x10x4 cm, with the
input socket arranged so that the
input plug connects the negative
supply.

By usingvarious combinations of
sockets,the devicecanbe utilisedin
many more audio signal rerouting
applications, eg, by usingthe Aand B
return stockets and output only,
(with a dummy plug inserted into
the input socket to provide power)
the box can be used as a single
selector.

The 470k and 100k resistors pro-
vide a certain amount of hys-
teresis and the two diodes prevent
the transistor turning on due to
offset of the op-amp. The fan may
run for a few seconds when the igni-
tion is initially turned on. This may
be prevented by increasing the
100uF capacitor to a few thousand
uF, but I find this useful as otherwise
in winter the fan may not run for
weeks on end.
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all your electronic needs. to order. No V.A.T. on books and datasheets.
EEIRCEELEIEH ElMail order with cheque. P O, Bank Draft, Regis- BIEENTERT all in stock items despatched same day 95% of all adver-
tered Cash, or write Credit Card® number on order with signature tised items are in stock), items out of stock in a few days — any
Please add 60p post, packing and insurance. more for heavy goods, problems and you will be informed immediately,
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THE ‘ALADDIN'S' CAVE OF C

HARD DISK DRIVES

Fully refurblshed Diablo/DRE Series 30 25 mb hard
disk drive for DEC RKOB, NOVA, TEXAS etc.

Front load £550.00 - Top load £295.00

PSU type ME3029 for 2 drives £125.00
DRE 44A/4000A/B 10 mb 5+5 all configurations from
£995.00. Call sales office for details.

8 AMP MAINS FILTERS

Cure those unnerving hang ups and data glitches
caused by mains interference. Matchbox size- Up fo 5
amp 240 v load As recommended by the ZX81 news-
letter. Suppression Devices SDSA £5.95.

DISTEL®

The UK's FIRST free of charge, 24 hr. public
access data base. Get information on 1000's
of stock items and order via your computer
and credit'card On line now, 300 baud.
CCITT tones, full duplex, fully interactive,

s
T MISS THOSE BARGAIN.
DON'T M CaLL NOw, IT'S FREEL

01-679 1888 wesk 84 hrs.

8 BIT WORD - N0 PARTTY per day

tR WAREHOUSE

MPUTER AND ELECTRONIC EQUIPMENT

COMPUTER ‘CAB’

All in one guality computar

cabinet with integral switchaed .

mode PSLU, Mains filtering, and twin fan cooling.
Originally made for the famous DEC PDP8 computer
system costing thousands of pounds Made to run 24
hours per day the PSU is fully screened and will deliver a
massive +5v DC at 17 amps, +15v DC at 1 amp and-15v
DC at 5 amps. The complete unit is fully enclosed with
removable top lid, filtering, trip switch, ‘Power’ and ‘Run’
LEDs mounted on Ali front panel, rear cable entries, etc.
etc. Units are in good but used condition - supplied for
240v operation complete with full circuit and tech. man.
Give your system that professional finish for only
£49.95 + Car. Dim. 19" wide 16" deep 10.5" high.
Useable area 16"w 10.5"h 11.5"d

Also available LESS PSU, with FANS etc. Internal dim.
19"w. 16"d. 10.5"h. £19.98. Carriage & insurance £9.50.

Co0 E
Keep your hot mﬂ%aﬂdﬂ BLE

with our range of BRAND NEW professional

cuollnsﬂfam ;
ETRI 88XUOI Dim. 92 x 82 x 256 mm.
Minlature 240 v equipment fan complete with

tinger quard. £9.95.

G&ULB JB-3AR Dim. 3" x 3" x 2.5" compact
very quiet running 240 v oparation, NEW £6.95
BUHLER 89.11.22, 8-16 v DC micro

miniature reversible fan. Uses a brushless
sarvo molor for a:!mme:! high air How,

almost silent runninf and guaranteed 10,000
hr life. Measures only 82 x 62 x 22 mm.

Current cost £32.00. OUR PRICE ONLY
£12.85 co ols with data.
MUFFIN-CENTAUR standard 4" x 4" x 1.25"
fan supplied testad EX EQUIPMENT 240 v at
£6.25 or 110 v at £4.95 or BRAND NEW 240 v

at £10.50. 1000's of other fans Ex Stock
Call for Details. Post & Packing on all fans £1.60;

SUPER DEAL? NO — SUPER STEAL!"
The FABULOUS 25CPS TEC Starwriter
Dais% wheel printer at a fraction of its original cost.

pRANV W AT ONLY

Made to the vathighesl .
spec the TEC Starwriter
P1500-25 features a
heavy duty die cast
chassis and DIABLO type
print mechanism giving
superb registration and
print quality. Micro-
processor electronics
offer full DIABLO/QUME
command compatabilit
and full control via CPM Wordstar etc.
Many other features include bi directiona

printing, switchable 10 or 12 pitch, full width 381 mm paper handling with upte
163 characters per line, friction feed rollers for single sheet or continuous paper,
internal buffer, standard R5232 serial interface with handshake. .

Supplied absolutly BRAND NEW with 90 day guarantse and FREE daisy whee|
and dust cover. Order NOW or contact sales office for more information,
Optional extras: RS232 data cable £10.00. Tech manual £7.50. Tractar feed
£140.00. Spare daisy whesl £3.00. Carriage & Ins. (UK Maintand) £10.00.

DATA MODEMS

Join the communications revolution with our
range of EX TELECOM data modems, Made to
most stringent spec and designed to operate
for 24 his per day. Units are made to the
CCITT tone spec. With RS232 i/o levels via
a 25 way 'D' skt. Units are sold in a tested
and working conditian with data. Permission
may be required for connection to PO lines.
(MODEM 13A compact, async, same size as
telephone base. Up to 300 baud, full duplex
|over 2 wires, but call mode only £75.00
MODEM 2B/C Fulty fladged, up to 300 haud
async, ANSWER & CALL modes, auto answer,
auto switching, ideal networks etc. Just 2 wire
connection to comms line. £85.00
MODEM 20-1 Compact unit for use with
PRESTEL or full duplex 2 wire {ink. 75 baud
transmit ~ 1200 baud receive. Auto answer.
MODEM 20-2 same as 20-1 but 75 baud
recelve 1200 baud transmit £130.00
MODEM 20-3 Made for data rates up o 1200
baud In full duplex mode over 4 wire circuit or
half duplex mode over 2 wirea £130.00
Carriage. 13A £4.50. 2B/C & 20 £9.50.
DATA PUMP MODEM compact unit upto
1200 baud full duplex over 4 wiras or hall
duplex over 2 wires. BELL specification with
data i/o via RS232 25 way D socket, remote
test etc. 240 v operation. Supplied complate
| with data £85.00 carr. £4.50.

For more information or details of other types
of ex. stock modems contact sales office.

8" FLOPPY DISK DRIVES

- Unbelievable value the DRE 7100 8" floppy disk
drives utilise the finesl technology to give you 100%
bus compatibility with most drives available today. The
only differance belnq our PRICE and the superb
manufacturing quality!l The 7100 single sided drive
accepis hard or soft sectoring IBM or ANSI standard

formats g'rving a massive 0.8 MB of storage. Absolutely SHUGART, BASF,

SIEMENS etc. compatible Supplied BRAND NEW with user manual and full 90

day warranty. 7100 Single sided £225.00 + Carriage and insurance £10.00.

Optional accessories: Full technical manual £20.00 alone. £10.50 with drive. Refund
of difference on drive purchase. DC and AC power connector and cable kit £8.45. 50
way IDC connector £5.50 50 way ribbon cable £3.20 per metre.

}

A

TEATIALS "

Fully fie industry standard ASR33 data
terminal. Many features including ASCI|
s keyboard and printer for data |/0 auto data
T T | detect ciruitry, RS232 serial interface. 110
e _ baud, 8 bit paper tape punch and reader for
8/ | offline data preparation and ridiculously
¥~ -cheap and reliable data slorage. Suppliedin
§:good condition and in working order
| Options: Floor stand £13.50 + VAT
KSR33 with 20ma loop interlace £ 125,00 +

Sound proof enclosure £25.00 + VAT

SOFTY &

The amazing SOFTY 2. The complete “toolkit”
for the open heart software surgeon. Copk
Displays, Emulates ROM, RAM andEPHBI\%
ofthe 2518,2532 variaty. Many otherfeatures
include keyboard, UHF modulator. Cassette
interface elc Functions exceed capabilitiesof
units cosfing 7 timas the pricel Only

£169.00 pp€1.95  Data sheet on request

SPECIAL MODEM OFFER

EX TELECOM. Direct connect. 2 wire, European standard, 75/1200 baud data
modems. Normally priced at £140.00, we have a limited quantity of guaranteed
working, but cosmetically defective (ie scraiches and scuffs on paneis etc.) units
at a super low price of only £49.95. Modems are made to the highest standard
and conform to the CCITT tone spec. Ideal for MICRONET, PRESTEL or
DISTEL's forthcoming high speed ports. Standard RS232 data i/o via 25 way

D skt. With data.

MODEM 2A Early version of modem 2B/C 300 baud full duplex, send-receive,
auto answer. RS232 i/o. With data but untested. End of line clearance.

Only £35.00. Supplied complete with data. Carriage & Ins. £9.50

8" WINCHESTER price SLASH

§100 Bus 19 Mb. Subsystem. A cancelled order and change
of policy by a major British disk drive manufacturer enables us
to offer you ‘last year's model' at a plug in and ready to go
SUPER LOW PRICE. Our own custom controller pugs direct into
the S100 bus and will control 2 disk drives, offering a total
stcra?e of OVER 36 Mbs! and at data transfer rates in excess of
7 Mb/sec seeing is believing!! Supplied complete with user
configurable BIOS etc. Save a fortune, Limited quantity only.
3100 19 Mb. Disk drive £499.00 PSU unit £165.00
CD1100 controller & BIOS £345.00 PSU extension cable £9.95
Full tech Manual £20.00

Special SUBSYSTEM prices. 1 x 3100 disk + PSU + Controller  £799.00
or 2 x 3100 disks + 2 PSU + Controller £1295.00
All prices + VAT and carriage. 90 day guarantee. Data on request.

; PRICES PLUS VAT

FROMEISS + CAR + VAT T o —1

RECHARGEABLE NICADS

SAFT VR2C 1.2v 'C’ size nicads. 18
cells in ex equipment pack Good
condition - easily split to single cells.
£9.50 + £1.90 post and packing.

JIDEO MONITORS

12" CASED. Made by the British KGM Co.
Designed {or continuous use as a data
display station, unit is totally housed in an

-attractive brushed aluminium case with ON-

OFF, BRIGHTNESS and CONTRAST
controls mounted to one side. Much
attention was given to construction and
reliability of this unit with features such as,
internal transformer isolated regulated DC
supply, all components mounted on two
fibre glass PCB boards - which hinge out for
ease of service, many internal controls for
linearity etc. The monitor accepts standard
75 ohm composite video signal via SO239
socket on rear panel. Bandwidth of the unit
is estimated around 20 Mhz and will display
most high def graphics and 132 x 24 lines.
Units are secondhand and may have screen
burns. However where burns exist they are
only apparent when monitor is switched off.
Although unguaranteed all monitors are
tested prior to despatch. Dimensions
approx 14" high x 14" wide by 11" deep.
Supplied complete with circuit. 240 vioit AC
operation. ONLY £43.00 PLUS £9.50 CARR.
24" CASED, Again made by the KGM Co
with a similar spec as the 12" monitor,
Originally used for large screen data
display. Very compact unil in lightwelght
alloy case dim. 19" Hx 17" D x 22" WL All
silicon electronics and composite video
input make an ideal unit for schools, clubs,
shops etc. Supplied in a used but working
condition.
ONLY £55.00 PLUS £9.50 CARR. & INS.
14” COLOUR superb chassis monitor made
by a subsidiary of the HITACHI Co. Inputs
are TTL RGB with separate sync. and will
glug direct into the BBC micro stc,
xceptional bandwidth with good B0 col
definition. Brand new and guaranteed.
Complete with full data & circult 240 v AC
working, Dim. 14" x 13" x 13".
ONLY £199.00 PLUS £9.50 CARR.

SEMICONDUCTOR
‘GRAB BAGS'

Mixed Semis amazing value contenls
include transistors, digital, linear, LC's triacs,
diodes, bridge recs, slc elc. All devices
uaranteed brand new full spec. with manu-
acturer's markings, fully guaranteed,
50+ £2.95 100+ £5.19.
TTL 74 Serias A gigantic purchase of an
“across the board” range of 74 TTL series
1.C.'s enables us to offer 100+ mixed
“mostly TTL" grab bags at a price which two
or three chips in the bag would nnormally
cost to buy. Fully guaranteed all I.C.'s ful!
spec. 100+ £6.90 200+ £/2.30 300+ £19.50

CALLING DEC
anglfwsagdsboxed

RSX 11M 3.2 Documentation kits, fill 3
feet of iyoour bookshelfl Under half price
only £120.00 carr. £6.50 O vat on manuals.
DEC MSV11-DD 32k x 16 bit RAM E195.08
We are always keen to buy all types of
used or surplus DEC equipment.

Allprices quoted are for U.K Mainland, paid cash with order in Pounds Stirling PLUS VAT. Minimum order value£2.00, Minimum Credit.
Card order£ 10.00. Minimum BONA FIDE account orders from Government depts, Schools, Universities and established companies

£20.00 \Where post and packing not indicated please ADD 80p + VAT Warehouse open Mon-Fri 9.30 — 5.30. Sat 10.15 — 5.30
We reserve the right to change prices and specifications without notice. Trade, Bulk and Export enquities weicome.

32 Biggin Way, Upper Norwood, London
Tel: 01-679 4414 Telex. 27924




PROJECT

LIGHTSAVER

Here’s a nifty little circuit that should be of universal applicability,
wherever there are lightbulbs that get switched on and off a
fair amount. Circuit by Kevin Jones.

invariably ‘blow’ when they are

first switched on. The reason
for this is that the cold resistance
of the filament is very much lower
than the hot resistance, with the
result that a very large current can
flow at switch on while the fila-
ment is heating up.

Filaments are, obviously,
designed to withstand this surge,
otherwise incandescent lights
would not exist. However, part of
the art of the manufacturer is not
to ‘over-engineer’ a project (or, to
the cynical, not to make products
that last too long). This means that
the average domestic light bulb
can stand this sort of treatment for
only so long before sucumbing.

There is a way of reducing the
stress on the filament, however,
and this is by implementing zero-
crossing switching. In this, the
initial current into the filament
is allowed to flow only when the
instantaneous voltage of the AC
mains is well away from the peak
voltage. In the circuit given here,
the maximum voltage at turn-on
will be 80 volts.

Looking at Fig. 1, we can see
the effects of this. In the worst
case, the light switch might close
at or just before point B or B, with
the result that the filament will
have 80 volts applied to it
immediately, and the voltage will
then rise steadily to the peak
voltage of 339 volts; this worst-
case example is rather better than
the normal possible worst case of
the filament having 339 volts
applied to it when it is cold.

However, most of the time, the
switch-on will occur somewhere
between B and A’ or B” and A, with
the result that no current will flow
until A" or A. The lamp will then be
subject to an extra warm-up
period of A’ to X’ or A to X before
commencing the first full half-
cycle at zero volts.

I ncandescent lamps almost

Construction And Testing

Firstly, and most importantly,
we must point out that this circuit
deals with mains voltages and
should be treated with all due
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Fig. 1 (top) Switching waveforms
for ‘zero-crossing’ switching.

Fig. 2 (above) diagram of the
Lightsaver.

HOW IT WORKS

respect — we want to keep our
readers. In particular, it should
either be mounted in a plastic box
using nylon screws or in an
earthed metal box, The terminals
specified are not designed to take
a mechanica! pull from the leads,
SO vou must arrange for the cable
or flex connecting to the unit to be
firmly anchored by some other
means.

With regard to assembling the
PCB itself, note that the centre
leads of the SCRs should be cut;
the metal tab should be secured
to the PCB using a metal screw
(M3.5 or similar size) to complete
the circuit, as the tabs are joined
to the SCR anodes. If you use
alternative SCRs to the type
specified, check the pin-out.

| small to switch the transistor on, so the

Up to about 80V, R1 and R2 cause
there to be less than 0.4V between the
base and emitter of Q1. This is too

current flowing through R3 is directed
to SCR1.

Above 80V or so, Q1 conducts and
the gate of the thyristor is held low.
This prevents it from switching on; if
the lamp switch is flicked on at this
moment, the circuit will wait for the
mains voltage to fall again before
switching the SCR on.

It was considered that the easiest
way of maintaining operation during
the negative half-cycle was to duplicate
the circuit the other way round; hence
R4-6, Q2 and SCR2.

R1 and R2 must be selected so that
the voltage across R2 never exceeds
the maximum Vego of the transistor,
and the value of R3 must be sufficiently
high for it to be able to cope with the
power it will dissipate when Q1 is con-
ducting and the resistor is effectively
clamped across the mains. .
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PROJECT : Lightsaver,

— PARTS LIST

i RESISTORS
R1,4 220k, AW
. R2,5 1ko, %W
o R3,6 470k, %W
¢ + LOAD/NEUTRAL
SEMICONDUCTORS
1%, - SWITCH/LIVE Q1,2 BC182L
SCR1,2 C106D or similar
400V 3A)
MISCELLANEOUS
PCB; PCB mounting screw connector,
two way (suitable for mains voltage);
M3.5 (or similar size) short bolts &
nuts; case to choice.
If you want to check the action polarities of the mains waveform. —
of the lightsaver, then you can use With some dimmers the bulb
the circuit shown in Fig. 4, in which  controlled by the Lightsaver may BUYLINES
a dimmer is used to pick out those not come on for one of either the | 1f you have trouble finding any of the
sections of the waveform in which low or high 5ett|m]; (possibly even parts for this circuit, maybe you should
the Lightsaver should be operat- bothl), and this will probably be take out a subscription to Hobby
ing. The bulb attached to the due to a rather limited range of Electronics, or, worse, Computing Today.
Lightsaver should be on for very phase-angle being available from
low and very high settings of the the dimmer.
dimmer and should have approx- Fig. 4 Method of verify-
imately the same brightness as the ing circuit action. /A .
other bulb (if the two wattages are [Lo— | ' bl
the same). ' v
Some flickering in the transition —
regions between on and off as the Ao DIMMER S s
dimmer is varied is normal, and is
due to (inevitable) discrepancies ETI
in the turn-on point for the two e ,

RGB/ PAL h THE : | ENFIELD HOUSE

COLOUR MONITOR REa ek
: NORWICH
with GREEN TEXT BEAUTY NORFOLK
reature #sounn | | | AND THE
BEAST L

150 Vpp (HY

()

380 vpp (#)

Only £199.95
£229.94 inc.VAT.

Carriage £7.00.
EX STOCK

Also green screen and
amber metal cased
monitors at

LOW - LOW PRICES.

ELECTRONILS ...

DIGITAL CIRCUIT DESIGNER. Electronics allows you to draw your circuit
diagram on screen using standard symbols for logic gates, transistors,
tesistors, capacitors, diacs, triacs, diodes, etc, etc... Symbols can be
Totated, wiring interconnected or crossed over as required. Once complete
the computer will 'power up' your circuit - high voltage levels turn red,
low levels turn green. Circuits can be de-activated, modified and
re-activated until they function as required, all without touching a
soldering 1iron! Part completed circuits may be saved for future work and
disp]ays can be sent to the printer. All components are fully interactive
i.e. rthey can change the state of secrions previously activated in the
sequence - even oscillators cam be seen oscillating. Warning is given of
short-circuits. (57 defined graphics are employed)

INNE ’ [‘14.95'

TNEAR, '\lL'['u\?‘Rl\ AMALYEER, Tha s [ lTI['l
L=, are éntered.

DISPLAY DISTRIBUTION LIMITED i 4 8 K SPE C."l' - U M =

35 GROSVENOR ROAD, TWICKENHAM, MIDDX (1-891 1923/1513Telex 295093
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TOTAL ENERGY DISCHARGE
ELECTRONIC IGNITION

YOUR CAR
AS GOOD AS IT COULD BE ?

* Is it EASY TO START in the cold and the damp? Total Energy
Discharge will give the most powerful spark and maintain full output
even with a near flat battery
Is it ECONOMICAL or does it "go off’ betw
ignition performance deteriorates? JotalBne
much more ogutput and maln!aur-.sﬁﬁm’i}ﬁmce
Has it PEAK PERFORMANCE or Is it fiat a
where the ignition-output is marginal?

a mose pawerful spa;k from idle ot
asérmjgrg o &
s wrznmmnwcwsmoom Th
Total Eneray Discharge elimins
elestanie filtar smo
i mg to bring the
y Dise arge eliminates contact
ng't eavy electrical load. The timing
the contact condition doesn’t affect the
Larger plug gaps can be used, even wet or
can be fired with this system.
TOTAL ENERGY DISCHARGE is a unique system and the most
powerful on the market - 3% times the power of inductive systems -
3% times the energy and 3 times the duration of ordinary capacitive
systems. These are the facts:
Performance at only 6 volts (max. supply 16 volts}
SPARK POWER — 140W, SPARK ENERGY — 38m.
SPARK DURATION — 500uS, STORED ENERGY — 135m.J
LOADED OUTPUT VOLTAGE
60pFload — 38kV, S50pF - 500k — 26kV
We challenge any manufacturer to publish better performance
figures. Before you buy any other make, ask for the facts, its
probably only an inductive system. But if ar inductive system is
what you really want, we’ll still give you a good dea:
All ELECTRONIZE electronic ignitions fesature:
EASY FITTING, STANDARD/ELECTRONIC CHANGEOVER
SWITCH, STATIC TIMING LIGHT and DESIGNED IN
RELIABILITY (14 years experience and a 3 year guarantee).
IN KIT FORM it provides a top performance system at less than half
the price of comparable ready built units The kit includes: pre-drilled
fibreglass PCB, pre-wound and varnished ferrite transformer, high
quality 2uF discharge capacitor, case, easy 1o follow instructions,
solder and everything needed to build and fit to your car. All you
need is a soldering iron and a few basic toois

Most NEW CARS aiready have electronic :gmition. Update YOUR CAR

elfctro 11e AUTO'EIECTRON'C PRODUCTS

KITS OR READY BUILT

ELECTRONIIE
ELECTRONIC CAR ALARM

HOW SAFE 1S YOUR CAR ?

More and more cars are stolen each week and even a steering lock
seems little help. But a car thief will avoid a car that will cause him
trouble and attract attention. If your car has a good alarm system -
well there are plenty of other cars to choose from.

LOOK AT THE PROTECTION AN ELECTRONIZE ALARM
CAN GIVE:

* MINIATURE KEY PLUG A miniature jack plug attaches to your key
ring and is coded to your particular alarm

* 2025 INDIVIDUAL COMBINATIONS The key plug contains two
1% tolerance resistors, both must be the correct value and together
give 2025 different combinations.

Y ATTRACTS MAXIMUM ATTENTION This alarm system not only
intermittently sounds the horn, but also flashes the headlight and
prevents the engine being started.

Yk 60 SECOND ALARM PERIOD Once triggered the alarm will sound
for 60 seconds, unless cancelled by the key plug, before resetting
ready to be triggered again.

* 30 SECOND EXIT DELAY The system is armed by pressing a small
button on a dashboard mounted control panel. This starts a 30
second delay period during which the owner can open and close
doors without triggering the alarm.

10 SECOND ENTRY DELAY When a door is opened a 10 second
delay operates to allow the owner to disarm the system with the
coded key plug. Latching circuits are used and once triggered the
alarm can only be cancelled by the key plug.

L.E.D. FUNCTION INDICATOR An LED is included in the
dashboard unit and indicates the systems operating state. The LED
lights continuously to show the system is armed and in the exit delay
condition. A flashing LED indicates that the alarm has been triggered
and is in the entry delay condition.

Y% ACCESSORY LOOP - BONNET/BOOT SWITCH - IGNITION
TRIGGER These operate three separate circuits and will trigger the
alarm immediately, regardless of entry and exit delays.

* SAFETY INTERLOCK The system cannot be armed by accident
when the engine is running and the car is in motion.

v LOW SUPPLY CURRENT CMOS IC’s and low power operational
amplifiers achieve a normal operating current of only 2.5 mA.

* IN KIT FORM It provides a high level of protection at a really low
cost. The kit includes everything needed, the case, fibreglass PCB,
random selection resistors to set the code and fult set of components
etc. In fact everything down to the last washer plus easy to follow
instructions.

fill in the coupon and send to: D Please send more information

ELECTRONIIE DESIGN Decpt D Magnus Rd - Wilnecote - Tamworth - B77 5BY - tel 0827 281000
-------------------------------------------

TOTAL ENERGY DISCHARGE (6 or 12 volt negative earth)

D Assembled ready to fit £26770 £19.95
D D.LY. parts kit £15:90 £14.95

TWIN OUTPUT for cars and motor cycles with dual ignition

Twin, Assembled ready to fit £3645 £29.95
D Twin, D.LY. parts kit £2455 £22.95

INDUCTIVE DISCHARGE (12 volt only)
[ ] Assembled ready to fit £15495 £12.75

Prices Include VAT £1-00 PP(UK) per Unit

CAR ALARM (12 volt negative earth)

[] Assembled ready to fit  (Alwiresand  £37.95
[] DAY, parts kit connectorsincl.) £24,95

| enclose cheque/postal order OR debit my Access/Visa card

- NN NN N RN TR - |

Name

Address




SERVICE SHEET .

Enquiries

We receive a very large number of enquiries.
Would prospective enquirers please note the
following points:
® We undertake to do our best to answer en-
quiries relating to difficulties with ETI projects,
in particular non-working projects, difficulties
in obtaining components, and errors that you
think we may have made. We do not have the
resources to adapt or design projects for
readers (other than for publication), nor can
we predict the outcome if our projects are used
beyond their specifications;
® Where a project has apparently been con-
structed correctly but does not work, we will
need a description of its behaviour and some
sensible test readings and drawings of
oscillograms if appropriate. With a bit of luck,
by taking these measurements you'll discover
what’s wrong yourself. Please do not send us
any hardware (except as a gift!);
® Other than through our letters page
Read/Write, we will not reply to enquiries
* relating to other types of article in ETI. \We ma:
make some exceptions where the encuiry iz
very straightforward or where it is imporiant 0
electronics as a whole:
® We will not reply to queries that are not ac-
companied by an SAE (or intermational reply
coupon). We are not able to answer enquiries
over the telephone. We try to answer prompt-
ly, but we receive so many enquiries that this
cannot be guaranteed
® Be brief and to the point in your enquiries.
Much as we enjoy reading your opinions on
world affairs, the state of the electronics in-
dustry, and so on, it doesn’t help our already
overloaded enquiries service to have to plough
through several pages to find exactly what in-
formation you want,

Subscriptions

The prices of ETI subscriptions are as follows:
UK:

£16.95 Surface Mail
£36.95 Air Mail
Send your order and money to: ETI Subscrip-
tions Department, 513 London Road, Thornton
Heath, Surrey CR4 6AR (cheques should be
made payable 10 ASP Ltd). Note that we run
special offers on subscriptions from time to
time (though usually only for UK subscriptions,
sorry)

ETI should be available through newsagents,
and if readers have diificulty in obtaining
issues, we'd like to hear about it

Overseas:

Backnumbers

Below we list the backnumbers that are
available from our backnumbers department.
Please note that this list will be out of date if
you use an old copy of the magazine.
Backnumbers cost £1.50 (UK or overseas by
surface mail) and are available from: ETI
Backnumbers Department, 513 London Road,
Thornton Heath, Surrey CR4 6AR (cheques
should be made payable to ASP Ltd),

Even if the copy of ET1 you need is not listed,
all may not be lost, because we run a photoco-
pying service. For £1.50 (LUK and overseas) we
will photocopy an entire article (note that parts
of a series of articles count as separate articles).
Your request should clearly state what article
you require and the manth and year in which it
appeared (the index for 1980 and 1981 was
published in January 1982, and the index for
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1982 appeared in December 1982). Send your
request to ET! Photocopies, Argus Specialist
Publications Ltd, 145 Charing Cross Road, Lon-
don WC2H OEE (cheques should be made out
to ASP Ltd).

November 78
November 79

June 81
November 81

April 80 December 81
September 80 March 82
October 80 May 82
November 80 June 82
December 80 July 82
January 81 August 82
February 81 September 82
March 81 October 82
April 81 December 82
Mav 81 February 83

Write For ETI
We are avs loGKIng for new contributors to
A0 wWe bay a competitive page
! iect or vou would
topic that would in-
g, let 2 cescription of
your proposal, and w ack 1o vou 10 say
whether or not we're int G give vou
all the boring detaiis. (Don't Torget to give us
your telehone numberi.

We don’t bother with the bureaucracy for
Tech Tips — all you do is to send in your idea,
stating clearly if you want an acknowledge-
ment of receipt. If possible, please type your
explanation of why the circuit is different, what
it does and how it works, on a separate sheet
from the circuit diagram; both sheets should
carry your name, address and the circuit title.
we'll let you know (within a month or so) if we
want to use your Tech Tip.

Trouble With Advertisers

So far as we know, all our advertisers work
hard to provide a gocd service 1o our readers.
However, problems can occur, and in this
event you should:

1. Write to the supplier, stating your com-
plaint and asking for a reply. Quote any
reference number you may have (in the case of
unsatisfactory or incomplete fulfilment of an
order) and give full details of the order you sent
and when you sent it

2. Keep a copy of all correspondence.

3. Check vour bank statement to see if the
cheque vou sent has been cashed.

4. If you don’t receive a satistactory reply from
the supplier within, say, two weeks, write
again, sending your letter recorded delivery, or
telephone, and ask what they are doing about
yaur camplaint.

If vou exhaust the above procedure and still do
not obtain a satisfactory response from the sup-
plier, then please drop us a line. We are not
able to help directly, because basically the
dispute is between you and the supplier, but a
letter from us can sometimes help to get the
matter sorted out. But please, don't write to us
until you have taken all reasonable steps
yourself 1o sort out the prohblem.

We are a member of the mail order protec-
tion scheme, and this means that, subject to
certain conditions. it a supplier goes bankrupt
or into liquidation between cashing your che-
que and supplying the goods for which you
have paid, then it may be possible for you to
obtain compensation. From time to time, we
publish details of the scheme near our
classified ads, and you should look there for
further details.

YYE are alw

o

OOPS!

We have in the past published small correc-
tions to projects on the letters page, and major I
corrections separately. From now on correc-
tions will appear on this page, and will be
repeated for several months (just to increase
our embarrassment). If a correction is too large
to fit on here, we will publish it just once, but
will note the fact that a correction does exist,
and that copies of it can be obtained from us
provided you send in an SAE. But please — re-
quest copies only if you really do need them; if
this service is abused, we may be forced to
withdraw it.

Programmable Power Supply (January 1983)
Lascar Electronics have now moved to
Module House, White Parish, Salisbury,
Wiltshire SP5 25}

Flash Sequencer (July ’83)

Q1 should be BC184L; Q2-5 should be
BC182L.

Telescope (August 1983)

We had a shower of annotation falling off our
diagrams! On Fig. 1, C19 (below IC14) was not
labelled nor was Q2 (above R11), and there
were two C23s — one should be IC22 and it
doesn’t matter which. In Fig. 5, IC12 was not
labelled. Unfortunately, there was a
mistake In the correction (blush!): C14 is the
22p tant on the =3 V line.

Graphic Equaliser (August 1983)

D2 and D3 are shown the wrong way round
iznothe power supply circuit diagram on page
Universal EPROM Programmer (August
1983)

Quite a few sillies here! On the circuit
diagram (page 46), C6 is 100u and C9 is
100n, not the other way round as given.
Some bars were omitted fram note three of
Table 1 on page 48: it should have read
“CE/PGM (27 series) is equivalent to PD/PGM
(not PD/PCM) (25 series].”” The penultimate
sentence of the first paragraph on page 50
should read . . . adjust RV1 for a potential
of +25V at [Cl0 output.” On the overlay
IC7 is between SK2 and SK1, 1C6 is hetween
SK1 and C10, IC11 is between R7 and R10,
R3 is between R2 and Q2, and Q7 is
between Q6 and Q8. A link is missing
between 1C7 and SK1, and the unidentified
pins at the right hand end of SK3 are the
+5V line. Finally, C10 appears twice in the
parts list but only the first entry is correct,
and the second DIL socket should, of course,
be 8, not 80, way.

7380 Controlier Computer (August 1983)

On the overlay, SW1 s the rectangle beside
ICs 5 and 6, C6 should be shown between
ICs 3 and 7, and a link through has been
missed — to the right of pin 18, IC11.
Typewriter Interface (October 1983)

There are two errors in Table 1 on page 24:
location 3C should contain E7 and location
3F should contain 5F

Car Alarm (October 1983)

In the semiconductors section of the parts

list, Q1, 2, 5, and 7 should be BC212L, Q3
should be BC182L, and Q4, 6 should be
TIP31 or BD131. There was also another
{inconsequential) silly but we bet you've
already spotted that one!

Tech Tips (October 1983)

Ramped Pulse Generator For Stepper Motors
— pin 1 of IC2 should be grounded, the
Ramp Up and Ramp Down inputs accept
negative, not positive, going puises ang {C~
should be a 4071 rather than a 4001.
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READER’S SERVICES

F--------------_----------------------

Subscription Order Form

Thornton Heath, Surrey, CR4 6AR, England.

Please commence my subscription to Electronics Todav
Internationai. | enclose a cheque*/Postal Order=/Interna-
tional Money Order* for the appropriaie fee™. mace out to
ASP Ltd.

Please debit my Access*/Barclaycard™ account numper™

(TTTTITTTTIIITI]

SIGNAtUIE .ooivieiiineiiiieiceceieee !

(* delete as appropriate) M )
Please indicate subscription required and fee
enclosed _
UK & Rep of Ireland: UK £13.15 ||
Overseas surface mail: £16.95 [ |
Overseas air mail: £36.95 ||

Until further notice, each subscription includes a
free binder (normal price £4.25)

PLEASE COMPLETE YOUR NAME AND ADDRESS
IN BLOCK CAPITALS

PLEASE INCLUDE POSTAL CODE AS APPROPRIATE
B[O o IS {0 ] T R S

THIS COUPON [S VALID UNTIL: 31st JANUARY 1984
N O I I O N BN N BN BN BN BN BN B B S .
Backnumber Order Form
i To: ETI Backnumbers Department, 513 London Road,
Thornton Heath, Surrey CR4 6AR, England.

Please supply me with the following backnumber(s) of ETI
i Month ..o Year...covceecnnnn. .
I Month oo Year ..o, :
: Month ... Year

I | enclose cheque*/Postal Order=International Money
1 Order* to the value of £1.50 per magazine ordered, made
out to ASP Ltd (* delete as appropriate).

Total money enclosed £......occooiiiiiiii
PLEASE COMPLETE YOUR NAME AND ADDRESS IN
BLOCK CAPITALS

PLEASE INCLUDE POSTAL CODE AS APPROPRIATE

B oY o 2 Lol Bty o o S Oy s £ 355 V3 T e S P S T
Note that the cost is the same for orders from overseas as
for UK orders; overseas orders will be sent by surface mail.
PLEASE CHECK THAT THE BACKNUMBER YOU RE-
I QUIRE IS AVAILABLE BEFORE ORDERING.

To: ETI Subscriptions Department, 513 London Road, |

I Binder Order Form

i To: ETI Binders, 513 London Road, Thornton Heath, Sur-
rey CR4 6AR, England.

Please send Me...oovvoiveieiieeee .binder(s) for ETI.
I | enciose a cheque*/Postal Order~/International Money
Order= to the value of £4.25 per binder required, made
I out to ASP Ltd (* please delete as appropriate).

1

I Total money enclosed £...........ccccccoovinnio,

i PLEASE COMPLETE YOUR NAME AND ADDRESS IN
BLOCK CAPITALS

l PLEASE INCLUDE POSTAL CODE AS APPROPRIATE
E)ate of T o pei s b e s e L e s seaeie
Note that binders cost the same for UK and overseas;

I overseas orders will be send by surface mail.

iLT/‘//S COUPON IS VALID UNTIL: 31st JANUARY 1984 |
I I N A RS N D .

i Photocopy Order Form

I To: ETI Photocopies Department, 145 Charing Cross i
Road, London WC2H OEE, England.

|
: Please supply me with the following photocopies: i
J Month.............. Year ..o Article ... |
: ...................................................... Page NO.......cc.c.... :
] Month............. Year ..o Article..oiil i
|
Vo SRR Page No........... |
b1 enclose cheque*/Postal Order*/International Mone
4
| Order to the value of £1.50 per photocopy ordered, made |
1 out to ASP Ltd (* delete as appropriate). 1
B Total money enclosed £......o.oovooooeeeeeeeeeeeeeeeeee i
| PLEASE COMPLETE YOUR NAME AND ADDRESS IN |
BLOCK CAPITALS
i I
B O Name e 1
i
i AAI55 1o e, i
B e B B i
i i
. .............................................................................................. '
.............................................................................................. |
i PLEASE INCLUDE POSTAL CODE AS APPROPRIATE |
0 o) ey o Y e e b R e e Mmoo |
Note that the cost is the same for overseas orders as for UK
| orders; overseas orders will be sent by surface mail. b
i PLEASE REMEMBER TO INCLUDE MONTH AND YEAR |
WHEN ORDERING.
|

| 7HIS COUPON IS VALID UNTIL: 31st [ANUARY 1984 b 7HIS COUPON IS VALID UNTIL: 31st JANUARY 1984
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ETI PCB SERVICE

The best way to get a really professional finish to your project is to use a professionally made PCB —
look no further, here they are!
In order to ensure that you get the correct board, you must quote the reference number when
ordering — if you don’t, you may get sent the wrong board. The code can also be used to identify the
year and month that a partlcular project was outlined in: the first two numbers are the year, the third is
the month and the number after the hyphen indicates the partlcular project.

Note that these are all the boards that are available — if it isn’t listed, we don’t have it.

Our terms are strictly cash with order — we do not accept official orders. However, we can provide
a pro-forma invoice for you to raise a cheque against, but we must stress that the goods will not be
dispatched until we receive payment.

1979

Ll
=
L]

E/794-1 Guitar Effects Unit .......... 2.64
E/794-2 Click Eliminator ................ 6.64
E/796-1 Accented Beat Metronome3.60

1980
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E/803-1 Signal Tracer .....coneeni2e
E/808-1 CMOS Logic Tester .
E/808-3 Ultrasound Burglar Alarm

Em{!wl Cassette lnlerface
E/8010-2 Fuzz/Sustain Box .
E/B011-5 RIAA Preamp ..
E/8011-6 Audio Test Oscll}ator
E/8012-1 Musical Doorbell .........
E/8012-3 Four Input Mixer

81

E/811-1 LED Tacho ...ccccoovveveecmrnnnne 4.13
E/811-2 Multi-Option Siren ..
E/812-1 Universal Timer
E/812-2 IR Alarm (4 boards)
E/812-5Pulse Generator ................ 3 57
E/813-1 Engineer’s Stethoscope ....2.65
E/814-2 Drum Machine (2 boards)
......... 5.60
E/814-4 Gmtar Note Expander ...... 3.20
E/816-8 Waa-Phase .............c.......... 1.53
E/816-9 Alien Attack .........cceounnee 3.48
E/817-1 System A-Input

(MM or MO) ..ooeeiiiininiicciccrieees 2.65
E/817-2 System A — Preamp ........ 5.17
E/817-3 Smart Battery Charger ...... 1.97
E/818-3 Hand Clap Synth .............. 3.97
E/818-5 Watchdow Home

Security (2 boards) .......ccouun.e 5.31
E/819-1 Mains Audio Link

(3 boards) ...ccoeeeerireeecierireneens 7.35
E/819-4 Laboratory PSU .. J
E/8110-1 Enlarger Timer ..
E/8110-2 Sound Bender ..
E/8111-1 Voice Over Unit
E/8111-2 Car Alarm
E/8111-3 Phone Bell Shifter ..........2.
E/8112-1 Alcoholmeter (2 boards} 5.21
E/8112-3 Bodywork Checker ........ 1.75

[ | E/8112-4 Component Tester .......... 1.49

1 Parking Timer ......ccccoiees 2.20
3 Guitar Tuner (2 boards) ..5.55
1 Ripple Monitor ........ccceuenne 1.92
2 Allez Cat Pest Repeller ...1.68
5 Moving Magnet Stage .....3.49
3 6 Moving Coil Stage ............ 3.49
3-4 Capacitance Meter
DAFAS) covvcarmererrrieerirrneecoaeenns 10.14
5 Voltage Monitor .
1 DV Meg
2 Analogue PWM ...
3 Slot Car Controller
26-1 lon Generator
l3 boards) ..coooeciriieiniiee, 8.00
E/826-4 MOSFET Amp Module ....6.78
E/826-5 Logic Lock ......ccoriiniennnnas 3.06
E/826-6 Digital PWM ........ccoceceus 3.34
E/826-7 Optical Sensor .................. 1.74
E/826-9 Oscilloscope
(4 boards)
E/827-7 TV Bargraph Main ............ 4.56
E/827-3 TV Bargraph Channel ...... 2.28
E/827-4 Hotwire
E/827-5 Bridging Adapter o
E/828-1 Playmate (3 boards) ........ 7 20
E/828-4 Kitchen Scales .................. 1.84
E/828-5 Sound Track .........ccerveennenee 4.25
E/829-1 Auto Volume Control ...... 1.84
E/829-2 Dual Logic Probe ..............1.93
E/8210-1 Message Panel
(2 boards)
E/8211-4 Pulse Generator
E/8212-1 ELCB .......cccovvivecrrvanriianns oy
E/8212-2 Servo Interface
2 boards) .. i
E/8212-4 Spectracolumn bt

1-
1-
2=
2

.......... 4:)1

]

0 [ I I [

0

1983

E/B831-1 Fuel Gauge ..........ccecevvniens 3.00
E/831-2 ZX ADC .......covvvemeeaeennns 2.25
E/831-3 Programmable PSU ......... 3.00
| E/833-1 SoundBoard

[] E/833-2 Alarm Module .................. 3.15

I

Prices quoted are valid until December 1983

How to order: indicate the boards required by
ticking the boxes and send this page, together
with your payment, to: ETI PCB Service, Argus
Specialist Publications Ltd, 145 Charing Cross
Road, London WC2H OEE. Make cheques
payable to ETI PCB Service. Payment in sterling
only please. Prices subject to change without
notice.

Total for boards
Add 45p p&p
Total enclosed

ETI DECEMBER 1983

PLEASE ALLOW
28 DAYS FOR
DELIVERY
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E/833-3 ZX81 User Graphics ........ 0.93
E/833-4 Logic Probe 217
E/834-1 Real Time Clock ................7.60
E/834-2 Thermemeter

(2 boards) .......coermemensencnesesenenns 8.47
E/634-4 Stage Lighting — Main ..11.94
E/834-5 Stage Lighting — Display 3.00
E/835-1 Compressor/Limiter ..........5.38
E/B35-2 Single PSU ....cccoovninreinnenas 2.75
E/835-3 Dual PSU ..3.49
E/835-4.2 NDFL Amp .....cccoovvvunee. 6.85
E/835-5 Balance Input Preamp ....2.81
E/835-6 Stage Lighting

Autofade ........cccevcveeeninnrerinnnnnene .
E/835-7 Stage Lighting —

Triac Board
E/836-1 to 3 PseudoROM

(3 boards) ........coremeeeerrnenirienene .
E/836-4 Immersible Heater 2.
E/836-5 Atom Keypad .......cccouvuenee. 4.50
E/837-1 Flash Sequencer ................ 2.32
E/837-2 Trigger Unit Main Board ..2.32
E/837-3 Trigger Unit Transmitter ..1.44
E/837-4 Switched Mode PSU
E/838-1 Graphic Equaliser ............ 7.91
E/838-2 Servo Fail-Safe

(four-off) .
E/838-3 Universal EPROM prog ....8.38
E/839-1 NiCad Charger/Regen ...... 3.28
E/839-2 DigEEr ..oveeeerevvererverseroniens 2.96
E/839-3 64K DRAM

E/8310-1 Supply Protector.............. 1.90
E/8310-2 Car Alarm.....cooecciceniennn3.46
E/B310-3 Typewriter Interface........ 3.63

E/8311-1 Mini Drum Synth . . . . 2.67
E/8311-2 Alarm Extender
E/B311-3 Multiswitch

E/8311-4 Multiple Port

E/8311-5 DAC/ADC Filter ., ..
7/8311-6 Light Pen

£/8311-7 Logic Clip .
E/8311-8 MC Head (JLLH) . . ..
E/8312-1 Lightsaver

E/8312-2 A-to-D Board . . ..
E/8312-3 Light Chaser (2 bds) .
E/8312-4 ZX Alarm
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= PRICES REDUCED
ON SUPER SAVE
D.LY. KITS

SELF ASSEMBLY ELECTRONIC KITS

SX 1000

Electronic lgnition ® Reactive Disch ® Cambines
inductive & capa argy
® -2 .2 Discharge @ Extended storage @ Gives st possible
! stores greater energy In spark erergy @ Pat elip-tu-coml
o ee position changeover fittirig @ Easy assemb
cn @ Patented clip-to-cail fitting Contact breaker trigaered
@ Fasv to assemble, easy to fit @ hounge suppression cirouit
Caontact breaker triggered — includes
DOUNCe SUPPIessIon circuit

3
SGPERSE

SOPER SAVE

TX 1002 TX2002

Electronic Ignition Electronic Ignition

® Inductive discharge @

Extended dwell circuit stores

qreater energy in coll @ Three

position changeover switch @

Contactless or contact

breaker triggered @ Clip-to-

coll or remote mounting @ Rugged

die-cast case ® Contactless adaptors riggered @ Contactless adaptars

included for majority of 4 & 6 cylinder ,tm?}.l d for '1I:||(jl’ll yofd & El\yluu:le'
vp:wc;eq f.nEadst\; to b”‘mn. For details of vehicles @ For details of vehicles fitted by
vehicles titte y contactless [rlgqer ring S5 fri TR echnical
Technical Service Dept on (092261 1338 9 %%?:,?ﬂl%fpu (;J,,,ﬁjgwl?‘ge-g 1338- ;3

® Two separate systems in one unit!

® Reactive Discharge OR Inductive
Discharge, with three position
changecver switch @ Gives highest
possible spark energy @ Clip-to-coil

or remote mounting ® Rugged die-cast
case @ Contactless or contact breaker

AT-40 Electronic Car Alarm - -
0 @ Guards doors, boot, bonnat from ynauihorsed ety AT-80 Electronlc car securltv SVStem

® Armed/disarmed using concealed switct 1 ® Guards doors, boot, bonnet from unauthorised entry @ Armed/
delay-to arm: 7 secong « al disarmed from outside vehicle by magnetic key fob passed across
be wired to exterior key iz lahts & sensor pad adhered to inside of

sounds harn imermmemly for 60 seconds when windscreen @ Individually

activated @ Securily ioop protects programmabie ccde @ 30 second

accessories @ Low consumption delayv-to-arm @ Flashes headlights

e | C-MOS circuntry and sounds horn interrmuttentiy for
pa' '!I 60 seconds when activated @

E LEI:THGNII_‘.

C\rcwlr‘v

SUPER SAVE

ULTRASONIC Intruder Detector

® Supplementary to AT-40 & AT-80 ® Will work in
conjunction with any door switch input or voltage
sensing alarm @ Detects attempted break-in and
movement within passenger compariment & triggers
alarm @ Includes bt cieney Litrasonic transducers
® Crystal controlled tor low drift @ Ingenious seasitivity
control allows freedom from false
alarms @ Low current consumption

s | = *
MAGIDICE Electronic Dice

SPECIAL OFFER ® Triggered by waving hand over dice @ Comiplétely random
@ Bleeps & flashes during 4 sec tumbile @ Throw displayed fo
- ""FREE’* MAGIDICE KIT WITH seconds then flashes to conserve hattery @ Low cansumption C-MGS
' circuitr
ALL ORDERS OVER £40.00 F

-----------------------
SPARKRITE (A Division of Stachun: Lt + 82 Bath Street Walsall WS1 3DE England Tel (0922)614791

KIT OLDPRICE | NEW PRICE
SX 1000 i [ t1195 NAME
SX2000 [ 11885~ | 118 ADDRESS
TX 1002 12295 |
TX 2002 13295
AT 40

AT 8O _L3ags— | 12495 I ENCLOSE CHEQUE(S)/POSTAL ORDERS FOR

ULTRASONIC :
VOYAGER 16495 | £ KITREF. _
MAGIDICE | W‘{ CHEQUE No

PRICES INC VAT POSTAGE & PACKING PHONE YOUR ORDER WITH &

ETI DECEMBER 1983




PCB FOIL PATTERNS

“‘ﬁ‘

Ll’l’! _J

The Lightsaver

16 Channel A to D Board

Note that we have reproduced here
only the underside pattern of the
double sided board. The upper side
pattern consists only of links, and it
should be possible to produce this
from reference to the overlay
diagram, Fig. 3 on page 21. At a
pinch, you could even use fine wire
links as shown in the picture of our
prototype on the cover. Just to
keep everyone happy though, we
will try and find space for the other
foil pattern in a future issue.
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FREE CAREER BOOKLET

Train for success, for a
better job, better pay

Enjoy all the advantages of an ICS
Diploma Course, training you ready for a
new, higher paid, more exciting career.

Learn in your own home, in your own
time, at your own pace, through ICS home
study, used by over 8 million already!

Look at the wide range of opportunities
awaiting you. Whatever your interest or
skill, there's an ICS Diploma Course
there for you to use.

Send for your FREE CAREER BOOKLET
today—at no cost or obligation at all.

TICK THE FREE BOOKLET YOU WANT
S i R e A

ELECTRONICS TV & AUDIO
ENGINEERING

SERVICING Dl
ELECTRICAL RUNNING YOUR I
ENGINEERING OWN BUSINESS

Name |
Address I
Dept P265 '
goatic ICS Schivol of Electronics
160 Stewarts Road 01-622 9911 I
Dhnsion of Natioral London SWE 4UJ ——m  (All Hours)

EQuUCATIGN TOTparation
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—Happy

Memories

Part type 1 off 25-99 100 up
4116 2C0ns 125 1.15 1.10
4184 200ns 420 3.95 3.85
2114 200ns Low power T8 1.00 90
2114 450ns Low power 95 85 80
6116/2018 B35 3.00 2.85
6116 150ns Low power 490 4.40 420
2708 450ns 3.25 2.95 2.80
2716 450ns 5 volt 245 235 225
2716 450ns three rail 575 5.00 465
2732 450ns Intel type 3.45 3.05 2.95
2532 450ns Texas type 3.85 345 _3.30
2764250ns 420 8IS 3.60
27128 300ns 14.00 12.50 12.00
Z8OA-CPU £299 Z80A-PIO €299 Z80A-CTC €289
6522 PIA £370 7805 reg 50 7812 reg 50
LLow profile IC sockets:
Pins 8 14 16 18 20 22 24 28 40

Texas solder-tail:

Pence 12 13 14 16 18 22 24 27 38
Soft-sectored floppy discs per 10 in plastic library case:
5inch SSSD £17.00 5inch SSDD £19.25 5inch DSDD £21.00
5inch DSQD £26.35
8inch SSSD £19.25 8inch SSDD £2365 8inch DSDD £25 50

FOR HI-FI & ELECTRONICS ENTHUSIASTS

51 Tollington Road, London N7 6PB

Mail order only
We are the speclalist of electranic kits and rack meunting cabinefs A catalogue with
complete range of products including pre-amp madules, powsr amp mndules, pre and
power amplifier modules, complete kits of amplifiers aquatizers. reverberation
amplifiers (with cases). alarm clocks, appliance timers, CB amplitiars, 1est equipment,
control modules, music generator. battery tlourescent liaht and high auality rack
mounting cabinets ete, with (llustrative pictures now available af the cos! of 36p +
25p pép.

Professional rack mounting cabinet Panel Size Rear Box Price
WHi(inchy WHD AL STEEL
19%x5 17 x45x10 2754 2354
19 x4 17x35x10 2524 2124
19x35 17 x3 x 10 2409 2009
19x3 17x25x10 2409 —
19x25 17x2x10 2294 1894
19x6 17x55x12 2869 2469
19x5 17 x45x12 2754 2354
19 x4 17x35x12 2524 2124
19x 3.5 17 x3x12 2409 2009
17 x3,5 155x3x9 2179 17.79
17x25 155x2x9 2064 1664
17 x4 155x35x12 2524 21.24
17 x3 165x25x12 2409 2009

Please add £2 50 p/p per item
* Wholly made of black anodised aluminium sheets * Suitable for high quality
ampliters and many other purposes w Top, side and rear cover ramavable for access
* Separate front mounting plate « Heavy gauge front pane! s of brushed aluminium
finish enhanced with two professional handies + With ventilation siits and plastic
feat,

The low cost steel version is also available. The size and features as well as the front
panelisthe same as the aluminium cabinets except the rear box is manufactured from
steel painted in black

CONTROL MODULES

gl '
H

TY-7 Electronic touch switch

£2.90 Kit £4.50 Ass.
TY-11 Lighl activated switch

£2.20 Kit £3.50 Ass.
TY-18 Sound activated switch
(Clap switch} £4.50 Kit £5.95 Ass.
TY-38 Sound activated switch
(voice-switch)  €5.50 Kit £7.50 Ass.
TY-41 Infra-red remote control
{Receiver and transmitter)

£17.20KIit £21.95 Ass.

HI-FI AMPLIFIER MODULES

TA-323A 30W + 30W stereo amplifier
£18.95 Kit £23.95 Ass.

TA-820 60W + 60W stero amplifier
£27.50 Kit £33.50 Ass.

TA-920 70W +70W stereo amplifier
£35.50 Kit £42.50 Ass.

It's easy ’

to complain
about

advertisements.

The Advertising Standards Authority. &
i an advertisement is wrong.we're here to put it right.
ASA Ltd, Brook Honse Tornington Place London WCIE 7HN

74LS series TTL, large stocks at low prices with DIY discounts
starting at a mix of just 25 pieces. Write or ‘phone for list,
Please add 50p post & packing to orders under £15 and VAT to
total
Access & Visa welcome, 24hr ‘phone service on (054 4221618
Government & Educational orders welcome, £15 minimum
Trade accounts operated, 'phone or write for details,

Happy Memories (ETI), Gladestry, Kington,
Herefordshire. HR5 3NY. Tel: (054 422) 618 or 628

J

CENTRONICS 308

i LINE PRINTERS
Calcomp 563 drum

plolter XY plots up to 31"
by 120ft! %
Immaculate condition i -
£350 + carriage

5Volt 5 Amp Reg Module
The perfect basis for
your custom power sup-
ply ONLY £2.50p plus

FLOPPY DISC DRIVES

professional fast
compact line-printer. 80
Fantastic MEMOREX

S0p p&p

12 display scope Neat
Unit but no data hence
only £E49.00p plus £9 50
p&p

DRE 4000A 5M byte hard
disc drives brand new
boxed £599.

columns, 120 char/sec
Parallel i/f. Quality at a
silly price. Vertical format
unit. To inc. operations
manual ONLY £129,00
Carriage {England)
£17.50. Tech manual
(230 pages) £10.00

550 8" discs mounted in
attractive  case  with
power supply and fan,
Shugart standard 50 way
interface Space for
second drive, £149,00
wcarr £9 50}

MAWSON ASSOCIATES

124 Lennard Rd, Beckenham, Kent BR3 1QP

WE ALSO BUY COMPUTERS
AND COMPUTER PERIPHERALS

01-778 3600

Callers weicome by appontment
s/hitems sold working bul not g'teed
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ANNLEY ELECTRO

190 Bedminster Down Road
Bedminster Down, Bristol
Tel: 0272
Open: Mon-Sat 3am-6.30 pm Wed Sam-2pm

LANCASHIRE

41 Winwick St., Warrington
Tel. 54174

e Open: Mon-Fri 9.30-6

g i (closed Tues) Sat 9.30-5
Components, aerials & burglar alarm

specialists

MYCA ELECTRONICS

2 VICTORIA PL, SEACOMBE FERRY,
WALLASEY, L44 6NR.
Tel: 051 638 8647
Open Mon-Sat 10am-5.30pm
Mail Order price list 50p refundable

MONTHLY IN
ELECTRONICS TODAY —
. YOUR OWN ‘WHERE TO
i BUY IT' GUIDE

MERSEYSIDE

)

l

TYNE & WEAR

NOW OPEN IN NEWCASTLE
FOR THE BESTIN ELECTRONIC COMPONENTS
TESTEQUIPMENT AND ACCESSQORIES

Marlbarou%h Electronic Components
15 Waterloo Streat, Mewcastle NE1 4DE1
Tel: 618377

Open Bam-8pm Man-Saf Easy Parking
STOCKISTS OF
TRANSISTORS, RESISTORS, CAPACITORS,
| C. DIODES, ELECTRONIC BOOKS Etc
REPAIRS UNDERTAKEN

S.WALES

PROGRESSIVE RADIO
93 Dale Street. Tel 051 236 0982
47 Whitechapel, Tel 051 236 5489
Liverpool 2
‘THE ELECTRONICS SPECIALISTS’
Open: Tues-Sat 9.30-5.30

STEVE'S ELECTRONIC
SUPPLY CO. LTD.
45 Castle Arcade, Cardiff

TEL: 0222 41905
Open: Mon-Sat 9-5.30
For components to computers

NORTHAMPTONSHIRE

# A new company selling electronic components

% Mail order and walk-round supermarket.
% Vast stocks and very competitive prices

= = High March Daventry MWl 4H{
NS Totephons 03277 5523. Teles 311245
= &= (@11 A45 ppposite Johe O Saunt

SEE YOUR BUSINESS GROW.
SIMPLY FILL IN THE COUPON
BELOW AND SEND TO:
ASPLTD
145 CHARING CROSS ROAD, LONDON WC2

WAVEBANDS

103 Coventry St., Kidderminster
Components, computers, car radios,
C.B.’s, amateur radio
Spares & Repairs

3 Open: Mon-Sat 9-6, .
E TEL: 0562 2179 "".

YORKSHIRE

ACE MAILTRONIX LTD.
3A Commercial Street,
Batley. Tel: (0924) 441129

Open: Mon-Fri 8am-5.30pm. (Sat 1pm)
Retall and wholesale

e s — — —— e e e 3

Please include my business details in the next available issue of ELECTRONICS TODAY

01-437 1002.

BUSINESS NAME] s veskissivie s fobie s et s oo e e e e e e B e s s taasea

ADDRESS:

TEL. NO.:

OPENING HOURS:

ETI DECEMBER 1983
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ELECTRONICS TODAY INTERNATIONAL CLASSIFIED

Lineage:

35p per word (minimum 15 words)
Semi Display: (minimum 2 cms)

B =

£10.00 per single column centimetre

Ring for information on series bookings/discounts
All advertisements in this section must be prepaid.
Advertisements are accepted subject to the terms and

conditions printed on the advertisement rate card (available on request)

) 01-437 1002

EXT 212

Send your requirements to:
3 Debbie Miller

ASP Ltd,,

145 Charing Cross Road,

London WC2H OEF

FREE BOOKLET

on

BURGLAR ALARMS

with

LOWEST U.K. DIY PUBLISHED PRICES
PHONE OR WRITE FOR YOUR COPY
051-523 8440

AD ELECTRONICS
217 WARBRECK MOOR
AINTREE, LIVERPOOL L9 OHU

SECURITY
Alarm Systems

FREE COMPREHENSIVE CATALOGUE!
@ LOWEST DISCOUNT PRICES
@ HIGHEST QUALITY EQUIPMENT
@ FREE DIY DESIGN GUIDE
@ FULLY LLUSTRATED
® MICROCHIP CIRCUITRY
@ QUICK DESPATCH SERVICE
@ FULL INSTRUCTIONS
SEND SAE DR PHONE
C-TEC SECURITY, Dept E |,
60 Market St, Wigan WN1 THX.
Telephone (0942) 42444

CONTROL

ALARIT - PANEL

aEEEESs
7 || MAINS- BATT

4
| MODEL S000E
| -ONLY-

=
1 IONE ={33-FB

W FULL 2YEAR GLI&FUINTEE

B Adjusiable anliy— #8840 wilh busasl

B Asguiaied power |ui\r|||r {1-2 amp |

W Larching 24 hour @relir.

W Visusl b audible wajk rast,

PLEASE SEND FOR FREE CATALOG

oF ALARM EQUIPMENT FroM

SIMPSONS ELECTRONIC ALARMS
70 PRIORY ROAD LIVERPOOL L4 RZ

ETRADE SUPPLIEDE

051-260-0300

BURGLAR ALARM EQUIP-
MENT: Asusedinthetrade. JN
Security Centre, 176 Syden-
ham Road, London SE26 5JZ.

01-778-1111. Showrooms
open six days.
HAVE YOU

BURGLAR ALARM
EQUIPMENT TO SELL?
PHONE
ASP 01-437 1002

80

BOOKS & PUBLICATIONS

The Owl Series
ELECTRONIC TECHNICAL
A-Z DATA BOOKS

TVT(A-Z)} Transistor equivalent book
with short form {echnical data covering
tranistors with prefix A-Z Over 300
pages £5.,20
TVT(2N) Transistorequivalent book with
short torm technical dala covering tran-
sistors with prefixes 2N 2SA 2SB 2SD,
28K, 3N etc. Over 400 pages £5.50
THT Thyristor data and equivaient book
covering thynstors, tetrodes, trigger
diodes. triacs. UJTs and PUTs 496
pages 520 scale drawings, £9.90
DDV/1 Part 1. European diode data and
equivalent book. 500 pages. £8.50
DDV{2 Part L amencan/ dapanase Dhode
data and equivalent book. £8.50
DAT1 Fartone ol transistar compendium
covaring ransisiors A - BUY giving com-
prehensive lechnical dataa snd dr awings.
Over 700 pag £8.80
DAT 2 Parttwo of above covenng transis:
tors C-Z Over 1100 pages €11.00
DAT 3 Part three of above covering tran-
sistors 2N21 - 2N6735 750 pages.

DAT 4 Pari four of above covernng tran-
sistors 2SA 28B, 28C, 2SD. 2SJ, 2SK,
3N, 35J. 3SK, 4000. Over 1200 pages.
£11.50
LIN 1 Linear operationalampiitiers, data
and comparison tables for (nlegrated op
amps and comparators. Over 400
pages £7.00
LIN 2 Linearvoltage stabilizers, dataand
comparison tables lor integrated adjust-
able and non-adjustable voltage regu-
lators Over 350 pages £7.00
TTL digital data and equivalent book
including 340 connection drawings
Over 500 pages £8.00

All prices include postage
Please allow 14 days for reply or delivery.

TECHNICAL BOOK

SERVICES LTD
| PO Box79 Maidenhead Berks SL62EG |

PARAPHYSICS JOURNAL
(Russian translation); psycho-
tronics, kirlianography, heli-
phonic music, telekinetics.
Computer software. S.AE.
4 x 9", Paralab, Downton,
Wiltshire .

FUTURE
TECHNOLOGIES

(ETI) 1 Hollybrook Rd., Shirley
Southampton SO1 6RB

CBM 64 Computer £198
with cassette & 2 blank tapes £242
VIC 20 starter pack £139

Cassette alone £44.90, tapes £1 ea
Spectrum 16K £99.95, 48K€£129.95
Also Atari, Texas, accessories, software,
Cheque/PO with order
Send large SAE for lists (23p stamp)
Add €1 P&P for orders under £50
All prices include VAT

BARGAIN PRICE electronic
and computer components, ZX
Spectrum and cassette acces-
sories, low cost electronic
goods — digital watches etc.
SAE for detailed price lists.

Ness Micro Systems, 100
Drakies Avenue, |nverness
V2 38D

KITS

MINATURE TRANSMITTER,
professional with hypersensi-
tive pick-up with hi-fi quality
reception on domestic VHF/
FM air band radio. Using sub-
miniature components for
exceptional transmission
stability and range, tunable 70-
150 MHz, size 2 in x % in, com-
plete kit, includes all com-
ponents, ultra-sensitive mic-
rophone, illustrated plans etc,
only £9.95 post paid, send
cash/cheque/PO to MOD-
ULEX P.O. Box 102, Dartford,
Kent DA1 2PW.

PRINTED CIRCUITS Make your
own simply, cheaply and quickly!
Golden Fotolac light-sensitive
laquer - now greatly improved
and very much faster. Aerosol
cans with full instructions, £2.50.
Developer 35p. Ferric Chloride
60p. Clear acetate sheet for
master 15p. Copper-clad fib-
reglass board, approx. 1mm
thick £2.00 sq. ft. Post/packing
75p. White House Electronics,
Castle Drive, Praa Sands, Pen-
zance, Cornwall.

DIGITAL WATCH REPLACE-
MENT parts, batteries, displays,
backlights etc. Also reports pub-
lications, charts. S.a.e. for full list
Profords Conersdrive, Holmer-
green Bucks. HP15 6SGD

MENDASCOPE LTD
Repair & recalibrate
Oscilloscopes
All makes — all models
Otter House, Weston Underwood
Olney, Bucks MK46 5JS
Bedford (0234) 712445
For the complete service

REPAIRS, electrical, elec-
tronic measuring equipment. A
complete service at a highly
competitive price. Postage,
estimates free, 14 day Turns
Round. British Tele-Comm
approved. Ledon Instruments
Ltd, Gladstone Road, Folkstone,
Kent. (0303) 57555.

MICRO-COMPUTER repairs.
ZX Spectrum,VIC 20,C64 Pets,
Commodore computers, prin-
ters and floppy disk. Phone
Slough (0753) 48785. Monday
to Saturday.

YOU WANT POWER? — We
got it! You specify the details of
the powers supply you need —
we will do the rest. R. Oliver, 2
Harkness Close, Leeming Bar,
Northallerton, North Yorks. Tel:
0677 22063.

FOR SALE

ELECTRONIC ORGAN KEY-
BOARDS andotherpartsbeing
cleared out as special offer.
Elvins  Electronic  Musical
Instruments, 40A Dalston Lane,
London E8. 01-986 8455.

SURPLUS — ExEquipment
120 watt (60 + 60) power-
amplifiers ... case, controls +
sockets, smoothing, glass/
PCB + heatsinking. Boxes +
data £10. KIA-8, LS29-9DZ.

ETI April '72 - December '82.
ELEKTOR December '74 -
January’82. Sigma 4, G.P.A. 27
for sale. Highest offer secures.
Tel: 01-958 7482.

GREAT WORKSHOP CLEAR-
ANCE! Transistors, T.T.L., Full
spec. ex-equipment valves,
resistors. Bargains. SAE for list.
G. M. Shields, 4 Bain Street,
Lochgelly, Fife KY5 9LA.

OSCILLOSCOPE 05300.
Gould price £300 ono. Heatkits
ET3400price£2000no.Tel:Mr
Sinclair 01-607 6945.

ETIDECEMBER 1983




BROADCAST EQUIPMENT EQUIPMENT '

YOU ARE NEVER FAR
FROM A
PARTRIDGE
COMMUNITY
BROADCAST
MIXER

56 Fleet Road, Benfleet
Essex SS7 5JN

Dial 03745 3381 or
03745 3256 for details

WIRES ‘N CABLES

|
THE SCIENTIFIC |
WIRE COMPANY

811 Forest Road. London E17

01-531.1568

ENAMELLED COF=E= 4 82
SWG Soz Loz 20z
8-34 363 222 10 88p
35-39 382 23& .26 93p
42-43 520 zg1 2.25 1.60
44-47 856 £35C 349 275
aies 69

48 AEHEis S & €38 3
SILVER- PLATE“ COF’F’EFI WIRE
14-30 2298 187
TINNED COPPER \‘an

14-30 3987 241 139 094
Pricesinciude P&P and VAT, Orders under
£2 add 20p Dealer inquiries wefcome.

PLANS ‘N DESIGN

AMAZING ELECTRONIC
plans, lasers, gas, ruby, light
shows, high voltage teslas, van
de graph surveillance devices,
ultrasonics, pyrotechnics, new
solar generator, 150 more pro-

jects, catalogue. SAE.
Plancentre, Bromyard Road
Industrial ~Estate, Ledbury
HR8.

CONVERT any TV into large
screen oscilloscope. External
unit plugs into aerial socket of
TV. Circuit & plans £3 or SAE
details. J. Bobker, 29 Chadder-
ton Drive, Unsworth, Bury.
Lancs.

TO SEE YOUR BUSINESS GROW,
SIMPLYFILLIN THECOUPON BELOW

Printed Circuit Boards
to your specification
from artwork through to
finished board

QUICK DELIVERY -
COMPETITIVE PRICES

35 Grosvenor Road,
Twickenham, Middlesex
TEL:01.-8911923/1513 Telex 29509,

AERIAL AMPLIFIERS improve

weak television reception.
Price £6.70. S.AE. for leaflets.
Electronic Mailorder, Rams-
bottom, Lancashire, BLO 9AGH.

TRANSPARENT flexible key-
boardcoversallowoperatlon of
computers in dirty environ-
ments. Datails from: DBM Pro-
ducts. Box 6, Melton Mowbray

Leics. (0664 68415 after 4pm)

BURGLAR Alarm Equipment.
Please visit our 2,000 sq. ft.
showrooms or write or phone for
your free catalogue. C.W.A.S.
Ltd. 100 Rooley Avenue, Brad-
ford BD6 1DB. Telephone
0274 308920

COMPONENTS

BUMPER BOX OF BITS
WOW!We've gol so many components in
stock, we can't possibly list them all — So
buyabox. Inityou'llfind resistors, capaci-
tors displays, switches panels with tran-
sistors, diodes, IC's etc, colls, pots  and
so on. Allmodern paris — guaranteed al
least 1000 items, minimum weight 101bs.
ONLY £8.50 inc 48 page catalogue 50p

ELECTRONICS WORLD
1e Dews Road, Salisbury,
Wilts SP2 7SN

WANTED

TURN YOUR SURPLUS tran-
sistors, IC's etc into cash. Con-
tact Coles Harding & Co., 103
South Brink, Wisbech, Cambs.
Tel: 0945 584188. Immediate
settlement.

FOR ALL YOUR
NEEDS WHETHER
BUYING OR SELLING
PHONE
ASP 01-437 1002

r-----------------------------------------------q

| ELECTRONICS TODAY INTERNATIONAL |

CLASSIFIED ADVERTISEMENT — ORDER FORM

if you have something to seil now’s your chance! Don’t turn the page — turn to us!
Rates of charge: 35p per word per issue (minimum of 15 words).
andpost to Electronics Today International, Classified Dept., 145 Charing Cross Road, LondonWC2

(Made Davable to ASP. Ltdj

OR Debit my Access/Barclaycard
{Delete as necessary)

[LLLT]

[} All classified advertisements must be paid for in aavance.

58;-{.---------------..---....------------------------
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Please place my advert in Electronics Today International for ... .. iSsues commencing as soon as possible.

I 'am enclosing my Cheque/Postal Order/ International Maoney

Please use BLOCK CAP|TALS and include post codes
Order for, (delete as necessary) £

Classification ................
Name (Mr/Mrs/Miss/Ms) ...........

(delete sccoraingly)

Signature.................................

Daytime Tel. No.

81



r MAIL ORDER PROTECTION SCHEME 1
If you order goods from Mail Order Advertisers in this
magazine and pay by post in advance of delivery, this
E T l — publication will consider you for compensation if the
L advertiser should become insolvent or bankrupt,
provided:
1. You have not received the goods or had your money
ADVERTISERS INDEX returned; and
2. You write to the publisher of this publication explain-
ing the position not earlier than 28 days from the day
you sent your order and not later than 2 months from
that day.
Ambit International . ... ...ttt i 12 Please do not wait until the last moment to inform us.
Audio Electronics . . .........c. oo, 43 When you write, we will tell you how to make your claim
BiccVero ....... ...t iiiiinnannen 53 and what evidence of payment is required.
Bimsales . ......ovrineeenerannnenn. 35 We guarantee to meet claims from readers made in
BKEIGCIrONICS . . v vt v vee e iieieienennns 6 sccordance with the above procedure as soon as
BIACK SEar . . o v oo e e e 35 possible after the advertiser has been declared bankrupt
BINRRE.S. . oo oo, 54 or insolvent to a limit of £1,800 per annum for any one
Bradley Marshall . . . . ... 8 ndyertnser. S0 affect_ed. and up to £5,400 p.a.in respgct of
Cambridae Kits . . . . . .. ... 48 all insolvent advertisers. Claims may be paid for higher
GeRITS ... v v v v e iinic e amounts, or when the above procedures have not been
Comtech Electronics. ................... 16 complied with, at the discretion of this publication, but
Concept Electronics .................... 78 we do not guarantee to do so in view of the need to set
Cricklewood Electronics . ............. 66,67 some limit to this commitment and to learn qufickly of
Crimson Elektrik. . ...........cvvvinnnnn 50 reader’s difficulties.
Crofton Electronics. .................... 70 This guarantee covers only advance payment sent in
Display Electronics . . ................... 68 direct response to an advertisement in this magazine
Electronize Design. . ... ................. 71 {not, for example, payments made in response to cata-
Electrovalue ..............ciiviivennn 48 logues, etc, received as a result of answering such
Flight Electronics . .........c.cvovvunen.n. 25 advertisements):
Glanmire.............cciiiinnnann.. 50 CLASSIFIED ADVERTISEMENTS ARE EXCLUDED.
Greenbank. . ............ ... i, 53 e ==
Greenweld. . .............. ... i, 53
(B 560000000000 ah000000000 60000 &0 ¢ 29,49
Happy Memories...............ccuvuu... 78 PI ease
(88 6 0ooococd@mwoooocdncadeooooodoonooc 78 .
T i, e i i 26,36 mention
Kelan Engineering. . ... ........cucvon... 63
LBElectronics .. .........c0ccviiierrnnn. 62 E T I
Magenta Electronics .................... 35
Maplin, . .......cc.ciiiiiiiennnnnnnn OBC - " I - -
Mawson AsSOCS .. . ......ovvvennnnnnnnn. 78
Microtanic. . .............cuiiinnrnn.n. 26 When rep ylng
Midwich ................... ... .. .. 18 |
MJL Systems. ...........ciiirinieinnnn. 62 to a "
Pantechnic. . ... ........ ... 18 .
Parndon Electronics .................... 48
Positronics. . . ....... .o iiiiii i ... .49 adverts
Powertran............ e IFC,10,I1BC
Rapid Electronics . ...................... 7 T
Riscomp .........cciiiiinninnnnnnnens 43 “b easy
Y2 - 49
Sparkrite. .. ........ 0t 75 B
Spectre . ....... it e 70 to pla
Stewartsof Reading . ................... 52 com ln
Tapesoft.........cciiiiiinrenannanns 50
Technomatic......................... 45 amm
Thandar. . ............ccciiiiriiinenn. 42
TKElectronics . . ..........ccvviienan.. 14

[ ]
advertisem .
umu\n’mmnbmmmumuw

ASA Ltd. Brook Honise Tormngton Place, London WCIE 7HN.
FEEEIT -




' Low-prie
robots from
POWERTRAN

— hydraulically powered
— microprocessor controlled

The UK-designed and manufactured range of Genesis
general purpose robots provides a first-rate introduction to
robotics for both education and industry. With prices from as
low as £425, even the home enthusiast can aspire to his or her

ownrobot.  “n e " GENESIS

Each robot in the Genesis’
range has a self-contained
hydraulic power source :
operated from single phase 240
or 120v ACorfroma12vDC
supply. Up to 6 independent
axes are capable of simultaneous operation
with positional control being provided by
means of a closed-loop feedback
system based on a dedicated
microprocessor. Movement sequences
can be programmed by means of a
hand-held controller or the systems
can be interfaced with an
external computer via a
standard
RS232C link.

The top-of-the-range P102 has dual speed control,
enhanced memory and double acting cylinders for increased
torgue on the wrist and arm joints. There is position
interrogation via the RS232C interface, increasing the
versatility of computer control 2nd inputs are provided for
machine tool interfacing.

All Genesis robots are available either ready-built or in kit
form. The latter provides not onty
extra economy but also
valuable additional
training as an
assembly project.

“HEBOT Il
Turtle-type
robot

For under £100, Hebot |l takes programming off the VDU and
into the real world, Each wheel is independently controlled by a
computer, enabling the robot to perform an almost infinite number
of moves. It has blinking eyes, a two-tone bleep and a solenoid-
operated pen to chart its moves. Touch sensors coupled toits shell
return data about its environment to the computer enabling
evasive or exploratory action to be calculated.

The robot connects directl?(
board, to the expansion bus o

HEBOT Il

Weight 1.8kg

complete kit with assembly
instructions £85

Interface board kit £10

MICROGRASP £

Areal aprogrammable robot for under £200! Micrograsp has an
arm jointed at shoulder, elbow and wrist positions. The

articulate

to an I/0 port or, via the interface
a ZX81 or other microcomputer.

entire arm rotates about its base and there is a motor driven
gripper. All five axes are motor driven and servo controlled, aiving
positive positioning. The robot can be contralled by any
microcomputer with an expansion bus — the Sinclair ZX81 being

particularly suitable.

MICROGRASP

Weight 8.7kg, lifting capacity
100

Robot kit with power
supply
.

£145.00

Universal computer interface
board kit £48.50
23 way edge connector £2.50
AX81 peripheral/RAM pack
splitter board £3.00

ALL PRICES ARE EXCLUSIVE OF VAT

GENESIS $101

Weight 29kg, lifting
capacity 1.5kg

4-axis model (kit form) £425

5-axis model (kitform) £475
5-axis complete system
(kit form) £737
5-axis complete system
(ready built) £1,450

GENESIS P101

Weight 34kg, lifting capacity
1.8k

£675
£945

6-axis model (kit form)
6-axis complete system
(kit form)

6-axis complete system
(ready built) £1,650

GENESIS P102

Weight 36kg, lifting capacity 2kg
6-axis system

(kit form) £1175.00
6-axis system
(ready built) £1950.00

Powertran Cortex
microcomputer
self-assembily kit
ready-built

£295.00
£395.00

POWERTRAN

cybernetics

PORTWAY INDUSTRIAL ESTATE, ANDOVER, HANTS SP10 3ET. TEL (0264) 64455 Telex 477407




HE NEW MAPLIN

CATALOGUE FOR 84!

NOW WITH PRICES
ON THE PAGE

More data, more circuits, more
pictures, in the brand new 480 page Maplin
catalogue. Take a look at the completely -
revised Semiconductor section or the new
Heathkit section with descriptions and
pictures of dozens of kits and educational
products from digital clocks to 16-bit business
computers. The much expanded computer
section itself, gives details of hundreds of
pieces of software for Atari, BBC, Commodore |
64, Dragon, Spectrum and VIC20. In ;
addition to all this you'll find hundreds of [ PE:
fascinating new items spread through the rest ==
of the catalogue.

As always, the Maplin catalogue is
tremendous value for money and now has
prices on the page!

Pick up a copy at any branch of
W.H.Smith or in one of our shops for just
£1.35 or send £1.65 including postage to our |
Rayleigh address. On sale from I1st Nov 1983

Choose from our huge
range of value- for-
money projects. Projects
like our Modem, Mosfet

Stereo Amplifier, Home

Security System, Fre-

quency Counter and S

Home Computer add- i Opening on 1st November 1983, our new

on kits. Full construction details in our Project Books and brief south coast store is at 46—48 Bevois Valley
specifications in our new catalogue. Dozens of fascinating new Road, Southampton 'Tel: 0703 25831). You M

projects coming soon including a Keyboard for the ZX will find our full range of components, :
Spectrum with electronics to make all shifts, single- key projects and computers on sale. We are within i/ '
operations. Full details in Project Book 9 on sale 11th November easy reach of the city centre with good parking b‘\ o
1983. Order As XA09K. Price 70p. close by. Call in and see us soon. h e

[ ——m TR i ~u W]

| qut this coupon now for your copy of the 1984 catalogue. I L ELECTRONIC
Price £1.35 + 30p post and packing. If you live outside the “ SUPPLIES LTD
U.K. send £2.20 or 11 International Reply Coupons.
| enclose £1.65. 24 p I Mail Order: P.O. Box 3. Rayleigh, Essex SS6 8LR. Tel: Southend
| (0702) 552911 @ Shops at: 159161 King Street, Hammersmith,
London W6. Tel; 01-748—-0926 @ 8 Oxford Road, Manchester.
NEYAAIE 50006141 0008004000000 (+1-000000065: © -0 090 5000 £ 800ADAABANS: i 12 000ERO0 1350 l Tel: 061-236-0281 @ Lynton Square, Perry Barr, Birmingham.
Tel: 021-356—7292 @ 282284 London Road, Westcliff—on—Sea
I Essex. Tel: 0702 554000 @ *46—48 Bevois Valley Road,
Southampton. Tel: 0703 25831.
l *Opens 1st November 1983. All shops closed Mondays.
All prices include VAT and carriage. Please add 50p handling
charge to orders under £5 total value (except catalogue).
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